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Introductory Rmmrks

Col Jams A. Turner
USA-0 Occ upatitonal Measurement Center

Good morning. Welcome to San Antonio, one of America's four unique
cities, home of the Air Force Human Resources Laboratory, the Occupational
Measurement Center, and Alamo Chapter USAF. It Is our pleasure to extend
* welccmw to our keynote speaker, General Emanuel. and to our distinguished
service representatives of the Canadian, Australian, and Gorman Forces
and the U.S. Army, Navy, Coast Guard, and Air Force. On behalf of all
the staf f of the Human ResourceA Lab, whao led the way; the Occupational
Measurement Center, %tho helped; and particularly from Col Den G. Fuigham,
Commnander of AFlIRL (tiho had to be in Wash ington today).* I give you all
grvetings and walcomo, We hope you enjoy your stay here in San Antonio.

We open this conference at a tiou when there Is considerable hue and cry
and controversy ovar testing, particularly intelligence testing, and the
use of *cores in educational placement. It Is appropriate for us to take
a frequent look at wshat we do with testing and the fairness of the instru-
ments ve use. Our interest cannot be limited to testing alone since
building good tests goes well beyond just the construction of fair and
equitable examinations. We must kniow the tasks, the skillsj, the knoowledgeli
required if the individial Is to perform xatisfactorily. Once we know
these things. then one can procesd with how to train the individual, and
we can deteraine the areas which are most realistically tested to measure
the portion'sa promotion or other potential. In short, testi 45 is a major
component in development and1 maintenance of the Air Force Personnel System.

Our ptest of horxr has had A good deal to do with the AF system and is well
qualified to keynote thin 19th HTA conference. General Herbert L. Emanuel,
USAF, is Deputy io the Ass istant Deputy Chief of Staff, Personnel for
Military ?arsonnel, and Vice Commander of the Air Force Military Personnel
Center at Randolph Air Force base, Texas. He has a Baccalaureate in
Communicative Artts, a Mas ter's Degree in Personnel Management. and is a
graduasto of the Artmed Forces Staff College and the Industrial College of
the Armed F'orces. General Emanuel entered the Air Force as a 2nd Lt via
the ROTC program in May 1952 and served three successive assignments as a
personnel officer. After *Any enriching and broadening assignments world-
wide, iswluding a stint as art Information Officer, Director of Cadet
Activities at the Air Force Academy, and a tour in Vietnam, he was assigned
to HQ USAF as a Personnel Planner. lie was Involved in the initial publica-
tion of the USAI' Personnel Plan and development of the AF Personnel
Management by Objectives System, which still guides Air Force personnel
activities. After completing the Industrial College of the Armed Fories,
he returned to the Headquarters. An Deputy Director of Personnel for Plans
and Policy, he was instrumental In the design and ixploemertatiovi Of manMy
initiatives calculated to foster morale and force disciplinsu in tho austere
personnel environment of the 1970's. He assumed his present position In

March 1976. It is with great pleasure I Introduce to you General Herb Emasnuel.



FUTURE TRENDS IN MILITARY PERSONNEL
TESTING: SOME SPECULATIONS

BY

BRIG GEN If. L. EMANUEL
AIR FORCE MILITARY PERSONNEL CENTER

Distinguished Guests, Testing Researchers, Testing
Practitioners, Personnel Managers, Members of the Mili-

tary Testing Association.

It is certainly a pleasure and a privilege to speak
to you today. I was particularly pleased to learn that
your membership includes representatives from the Canadian
Armed Forces and The Royal Australian Air Force, in addi-
tion to representatives from the US military services,
academia, and the business world. The important work
which you do should certainly be enhanced by the spirit
of international cooperation which you enjoy.

Within the atilitary, we are confronted with the same
personnel problems as any other organization, whether
large or 3all, public or private--that of shaping and
adapting available human resources into useful and effec-
tive manpower. The very multiplicity of skills required
by the militAry poses problems in personnel, training,
and manpower uiclization which are unprecedented. Per-
sonnel requirements change rapidly and on a large scale,
and are dependent to a large extent upon technological
advances and the international political situation.

Obviously, military personnel management is a highly
complex affair. As you know, to cope with these complex-
ities requires creative and innovative personnel research--
research whichs addresses all aspects of the personnel
life cycle: Selection, classification, training, perform-
ance appraisal, promotion, and organizational development.
All of these involve test instruments of some kind. Such
topics are of great interest to us in the personnel manage-
ment business--an interest eng(andered from two basic
sources. First, we are users of your product. Our effec-
tiveness 3s personnal managers hinges on the succes3ful
application of techniqueb and procedures developed from
past personnel research. Second, we are sponsors of your
research. In that role, we serve as the liaison agency
between you and military functional managers outside the
personnel comnunity--encouraging, explaining, and extolling
the virtues of rescarch and its applications.



Thus, we have a very close and empethetic relation-
ship with personnel research scientists. We depend on
you for timely and efficient solutions to management
problems as well as for input into the formulation of
personnel p)licy. You, in turn, depend on us as sort of
public relations experts who insure your various efforts
are understood and appreciated not only across the mili-
tary rank and file, but at the highest echelons of service
and defense management as well.

Now, to the subject at hand. At the 1973 MTA Confer-
ence, General John W. Roberts, then Air Force Deputy Chief
of Staff for Perscnnel, proposed several refinements needed
if future military personnel tests were to make significant
contributions in the improvement of military personnel
management. Those suggestions were subsequently adopted
as objectives/standards for the development of future Air
Force testing. Let me summarize them for you:

First, te3ts of the future should focus more on the
individual--on his unique talents and desires.

Second, tests should maximize the opportunity for
choice--both by the individual and by his employer.

Third--as a function of the first two--tests should
provide broader profiles of information.

Since the 1973 Conference, we have continued our
efforts to streamline our personnel management techniques
to make more effective use of our available human t&lent.
These efforts have incluied new and more sophisticated
ways to assess the aptitudes and attitudes of our people.
Since this is the first time the Air Vorce has hosted the
MTA since 1973, it now seems particularly appropriate to
report on some of our ongoing testing projects and see how
well they meet the standarde established at that time. In
so doing, I believe that trends for future testing will
begin to emerge.

C omputerized Adaptive Testing

Computerized Aptive Testing repcesentw the first
real potential breakthrough in the personnel testing area
in the last 25 years. Although the most noticeable change
in the new method of testing is the fact that the test is
administered by computer, the essential difference between
this method and paper-and-pencil tests is that each examinee
will answer a special set of test questions "tailored" to
his/her ability. Adaptive testing is a way of allowing



those tested to answer only those questions that are
suited to their individual ability. This contrasts with
conventional group testing procedures which require many
people to spend time on questions that are either too easy
or difficult for them.

Computerized adaptive testing can have major benefits,
both in efficiency and test quality. A test can be taken
at any time; no examiner time or special scheduling is
needed. The examination time will be shorter; several
abilities can be tested in the time it now takes for one.
And, because examinees Cannot be sure which questions will
be asked, it retards, if not eliminates, the problem of
test compromise.

Air Force research in this area is directed toward
possible application at the 66 nation-wide armed forces
examining and entrance stations (AFEES). The Air Force
Human Resources Laboratory (AFHRL) has already prepared
a prototype demonstration model which is currently on-line
at the 3an Antonio AFEES. (In fact, this prototype is
available here at the conference should you care to see
it.) In addition to providing personnel managers with a
look at what computerized testing is all about, it is
enabling AFHRL to gain first hand knowledge of AFEES
requiresints vis-a-vis computer arrays so that future
hardware may bo more appropriately human engineered.

Obviously, before computers can be used to test
appli.cants for military service, the cost of procuring
computer systems, display terminals, and related tech-
nology will have to be substantially reduced. Yet, we
know that this is the enlistment testing of the future,
so we have started planning for it now. In that regard,
a joint service working group on R&D applications of com-
puter technology to military personnel acquisitions has
been formed to oversee and coordinate work in each of the
services. In addition to R&D, implementation poses unique
logistical/managerial problems which need to be addressed.
The U.S. Civil Service Commission has set up a t-ak force
to consider those kinds of issues. We trust they will
share their experiences with us. In any event, it behooves
us to look at all aspects of testing by computer so when
the "Science" is finally ready, so is *Management.'

Prediction of Motivational Attritions

The high rate of involuntary attrition that occurs
among military personnel is the subject of growing concern

4



at all levels of the Department of Defense (DOD). The
Defense Manpower Commission in a recent report has noted
that DOD incurs an annual cost of approximately one
billion dollars because one out of every four DOD acces-
sions is involu4ntarily separated prior to completion of
the first term of enlistment. A great percentage of
those discharged are identified by the training centers
in the early stages of the enlistee's basic or recruit
training. Each of the services operates a program designed
to identify as early as possible those who will ultimately
fail to adapt to the military service and to separate them
administratively.

The use of the early discharge programs as a screen-
ing device is both inefficient and costly, compared to
screening programs operated at the point of entry, prior
to enlistment. Thus, one solution to the problem is to
increase the effectiveness of the pre-enlistment selection
system so as to better predict the probability of an
indiv-dual's successful, adaptation to the military life.

One effort to solve this problem which is currently
ongoing is the Motivational Attrition Prediction (MAP)
model. This new approach applies the maximum likelihood
estiaktion technique which we believe will achieve better
differentiation between potential failures and successes.

The model was initially tested at the United States
Air Force Academy. To evaluate the method in an opera-
tional setting, i.e., as a screening device, a predic-
tion equation was developed using the Class of 1977
and applied a priori to the Class of 1979. Within six
months, 49% of the predicted failures had resigned.

Because results of the Air Force Academy study
were so promising, the model was next tested using 15,000
1972 Air Force enlistees to predict their first term
involuntary attrition. After estimating and applying a
new predition equation, 57% of the group predicted to
fail had been involuntarily discharged prior to com-
pleting their enlistment.

Such success with the MAP model has prompted still
further research into its utility as a pre-enlistment
screening tool. Beginning in May 1977, a comprehensive
joint service validation study was initiated. Data,
including aptitudinal and biographical information, were
collected on more than 70,000 applicants for all military
services. Predicted attritions based on the equation

5



derived from the 1972 Air Force sample will first be com-
j pared against actual service attritions to evaluate the

accuracy of the model. Refinement of that equation, as
well as development of ones specific for each service,
will also be accomplished as the attrition data further! matures.

if the MAP model works as well operationally as

it did experimentally with the 1972 Air Force recruits,
all services ca benefit. The higher retention caused
by selecting recruits more likely to complete their
first enlistment would save not only in training costs
but would also enhance recruiting.

Literacy and the Measurement of Reading

Recently, the General Accounting Office (GAO) has
submitted a report on illiteracy in the military services
to the Secretary of Pefense and recommended, among other
things, that DOD have the services establish an overall
minimum reading level required for enlistment and deter-
mine the reading grade level required for each military
occupation. in addition, the Congress has become con-
cerned about the problem of tho services' attempting to
correct educational deficiencies of enlistees after they
enter active duty. Congress has suggested that perhaps
a more efficient approach would be for potential enlistees
with educational weaknesseb to receive basic skills
training prior to enlistment. Accordingly, the Secre-
taries of Health, Education and Welfare; and Labor, in
coordination with the Secretary of Defense, have been
requested to develop such a basic skills program. Of
course, one aspect of this type of education would be
remedial reading.

Clearly, the next step in attacking the literacy
problem is to include reading comprehension as one of
our criteria for enlistment eligibility. Currently,
we have no direct measure of reading ability--only an
approximation derived from our aptitude battery. As a
result, individuals with literacy problems are not
identif 1 - d %;nti aft' '.- a C I "ic or job
performance difficulties. Obviously, both the Congress
and GAO believe something should be done to alleviate
this service-wide situation.

As a first step, we are developing our own reading
test; if it proves valid and equitable for all groups,
we plan to consider its use as a screening device to
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select out individuals who have inadequato reading skills.
Moreover, since GAO has recommended such an approach for
DOD implementation, there is the very real possibility
that a reading test may be incorporated as part of ASVAB
at some future date. Then, as we gain experience in
determining the literacy requ ;saments of military
occupations, we could also attempt to match the reading
skills of personnel (as measured by the reading test)
to the reading demands of our jobs.

This discussion of testing initiatives within the
Air Force is by no means a full and comprehensive one.
Other efforts which merit attention, such as development
and validation of vocational interest measures, pro-
enlistment aptitude tosts, non-verbal aptitude ttsts,
and peaceptual/psychomotor devices, were omitted. How-
ever, my purpose in selecting those mentioned was to
present them as illustrations of current attempts to
improve our testing programs.

When I began this morning, I promised to describe
some of our ongoing testing projects and to see how
well they met the Air Force objectives for future mil-
itary tests. So far, I have fulfilled the first part
of that promise; now, let me turn to the second. By
vay of brief review, the objectives imentioned earlier
indicate that future tests should (a) focus on the
talents and desires of the individual, (b) help maxi-
mize the opportunity for both employer and employee
choice, and (c) as a function of the first two, provide
broader profiles of individuals.

Well, computerized adaptive testing and literacy

assessment certainly focus on the talents of individ-
uals. A computerized test will bring additional pre-
cision to the testing situation while the reading test
will assess a previous untapped skill. In addition,

the vocational interest test and the perceptual/psycho-
motor devices also support this objective.

Under the second criterion, maximizing employee/
employer choice, it seems that all the previously dis-
cussed testing techniques qualify. Improved motivational
attrition prediction will allow us to screen out more
of those individuals who can't make a successful adjust-
ment to service life. In addition, reading assessment
will permit individuals to enter occupations for which
they possess adequate literacy skills. Then too, voca-
tional interest measurement will give examinees the
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opportunity to discover those jobs with which they will
most likely be satisfied. So, it seems that both the
individual and the Air Force will be happier with the
addition of these types of tests to the personnel test
inventory.

Finally, by virtue of satisfying the first two
objectives, the third one also seems fulfilled. Cer-
tainley, more and more information about individuals
will be added into the personnel selection and place-
ment process. Thus, when evaluated against our stan-
dards for future tests, it would appear that we are
moving in the right direction.

In conclusion, I hope I have conveyed my enthu-
siasm for the future of military personnel testing.
Today, we in personnel masdgemeOnt are facing problems
we have never seen before. We have new kinds of people
with differing education levels, skills, values, ambi-
tions, and life styles that we must consider and make
part of the military family. To do this requires
constantly pushing the testing state-of-the-art. We
must move away from the aptitude measurement-only type
of testing and toward a broader assessment of other
relevant dimensions of human behavior. Obviously, to
perfect such new testing techniques wo,'t be easy. It's
good to be present at this conference and to know there

are the kinds of people represented here who are dedi-
cated to solving this problem.

One final comment now, if I may. As you conduct
your deliberations this week, I hope you will reflect
on and take pride in what the past has accomplished.
However, the challenge I would impart to you this
morning is to think ahead and take all possible actions
to maximize the contributions of military testing to
the personnel management of the future.

Thank you very much.
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nlg DEVELOPMENT OF A PERFORMANCE APPRAISAL SYSTEM

FOR 711E US. COAST~ GUARd 1

Edwin T. Cornelius III
Milton D. Hakel

The Ohio State University

Joseph J. Cowan
Headquarters. United States Coast Guard

What I would like to do in the next forty-five minutes in share
with you some of the unique aspects of a year-long study to develop an
improved performance evaluation system for enlisted personnel in the
United States Coast Guard. Since the project involved developing an
improved performance evaluation system, I would like to take some time
at the beginning of the talk to briefly describe the existing enlisted
performance evaluation system in the Coast Guard.

All enlisted personnel are rated twice a year. Regardless of type
of job rating or level of responaibility (rank). all personnel are
evaluated on the same rating form. Three attributes of individuals
are evaluated: Proficiency. Leadership. and Conduct. As Figure 1
illustrates, the existing system suffers frow the usual performance
rating problem# inherent in a large bureaucracy. First, there is an
overall inflation of marks in the system. The averagc rating score
using Lhe enlisted form is supposed to be 3.3, i.6., If an individual
is performing in a capable and dependable fashion, and is the type of
peson the Coast Guazd will promote on schedule, he in supposed to be
rated 3.3. As Figure I illustrates, the average evaluation is far
higher than 3.3.

A second conclusion obtained from Figure I is the dramatic grade
effects. That is, E7's on the average are rated higher than E6's,
and Eb's in turn are rated higher than ES's. etc. This is true in
spite of specific directions in the existing system for raters to
evaluate individual. in comparison with others with the same rank and
length of service. In theory at least, the average performing E9
should be rated with the sAme value (3.3) as the average performing

A third observation is the redundancy of information in the current
system. As you can see from Figure I the pattern of scores f~r Leader-
ship and Proficiency are idntical. In fact. the Pearson correlation
for these data are r - .90. Of course this means that if you know an
individual's score on the Leadership variable, you can almost perfectly
predict his score for Proficiency and vice-versa. Sirnce there is no

IPaper presented at the 19th Annual Military Testing A ssaciation
Conference, San Antonio, October 18, 1977.
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veriance in the Conduct scores, esaentially one piece of information
about an individual is captured and comunicated using the present
system.

Table I illustrates the effect that the operating characteristics
of the prtsent system have had on administrative uses for data of this
sort. One use of porformince appraisal data in the Coast Guard is as
an aid in making promotion decisions. Components of the promotion
system include scores on a paper and pencil exam, supervisory ratings
obtained through the current performance evaluation system, length of
time in the service, time in grade, and medals and awards. As you can
see b:" looking at this table, the effect of inflation of marks coupled
with the large between-grade variance relative to the within grade
variance has had the effect of deteriorating the contribution of perfor-
mance evaluation data by a factor of 50 percent. Promotions in the
,oaut Guard today are chiefly decermined by scores on the paper and
pencil testa and langth of time in service. The contribution of actual
perforwnce on the job as evyaluated by supervisors is minimal.

This is the backdrop against which our project started one year
ago. A lot has trenspired in that year, and I obviously can't give
you all the details of the project in the time allotted to me this
morning. Inittead, I would like to share with you some of the aspects
of this project that we find differvot and exciting. These are
characteristics of the project that we think represent something
unusual either philosophically or methodologically for studies of
this sort.

1. PhiIosophy of the Project

We have had the philosophy from the very beginuing that the develop-
ment of a technically perfect rating instrument by itself would not
lead to good performance appraisal data for the Coast Guard. Despite
the fact that you develop a technically sound instrument based on
careful job analysis, and despite the fact that it has high user
acceptability and is administratively simple to operate, you can Atill
fail at this business. You can fail because wh.ot count& most in
obtaining good performance appraisal information has very little to
do directly with the forat and paychui-ttric ch.-.act-eristtcu of the
rating Instrument. What counts moit ts the motivation of the raters
in the system to rate accurately. In this regard, an important task
during the last year has been to develop a rai.er ieedback system that
can be used to build trust in the operating characeertstics of the
marking system.

During the course of this project we spent many hours diocussing
performance appraisal problems with raters while conducting technical
conferences at field locations. A common sentiment txpressed by
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participants in all these meetings was the sincere desire to rate
sttbordic-atea fairly and accurately. The officers and Chief Petty
Officers that we talt.ed to seemed to understand the need for accurate
performance data for manpower planning and development purposes. The
reason these raters rate leniently has nothing to do with the dynamics
of having to face their men on a day in and day oat basis, or any of
the several other explanations for lenient ratings proposed by Bass,
Gtlickman, Kipnis ando rs throvgh the ye,4ra. The reason these
raters rate leniently Is that they don't trust the system. "I'm
willing to rate accurately, but I don't trust the other raters in the
system to do tile same." In this regard I discovered at one conference
im elaborate informal system used to compare marks in an effort to
provide informal guidelines for dt't tmininor the deree ot intlation to
be used in evaluating subordinates.

There is no reason that an approved formal system can't provide
raters with data regarding the di~tributions of evaluation marks in
the aystem. All the raters we talked to agreed that if they were
told how other raterv in the Coast Guard were rating, and if the
otherA were uing the system properly, thay would no longer rate
leniently. There wao almosi unanimous support for a rater feedback
system.

Regardless of the type of anr. s that were developed then, a
requirement for this project vas to develop a feedback system to
major commands and to Individual raters in the field in order to
maintain trust aid openness in the performance appraisal system.

2. Job AnaIysis Approach

The second aspect of this project that I would like to talk
about is the approach that. %t used to study the enlisted jobs in the
Coast Guard. When we started this project one of our most difficult
problems was to determine the number of appraisal forms that should
be developed. We were posed with the problem of having almost 30
different job ratings and 9 different ranks to study. A major
activity wss to detervlne how the different jobs adid ranks could be
collapsed into major groupings for which separate appraisal 'nstruments
#*ould he developed. Once this decision was made, our task was to
develop prototype forms that were user-acceptable, technically excellent,
and easy to administer. In addition, the whole system had to be
printed on the front and back of a tingle page. And, oh yes, all this
was to be accomplished within a 10-month framework.

You can see that an immediate problem was how to quickly collect
job analysis information from a vriety of different jobs. The usual
philosophy for studying jobs in tie military has been the task-oriented
philosophy advocated through the years by Moroh, Christal, Driskall
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and others in the Air Force. Hcever, task ir.atemwnts were only
.v.iilabL: on roughly half tiho enlisted jobs in the Coast Guard. We,
therefore, lecided to adopt a different type of job analysis philosophy:
the worker-oriente4 philosophy advocated by McCormick and his associates
over the years at Purdue University.

As you know, th..- wciker-oriented approach seeks to describe jobs
in ters of a limited ntber of universal job elements that focus on
thC e ralixed husmn behaviors r-quired for work rather than work

activitle. specific to an ind:vi-lual Job. Uee thought this particularly
philosophy was w0l1 suite-d to answer Lhe question of how to quickly
compare the large numne or jobs and ranks in the Coast Guard. Cur
decision, then, was to develop a single worker oriented questionnaire
specifically for the Coast Guard that could be mailed to representatives
of all the different job ratings and ranks of enlisted personrnel.

As a starting point in this endeavor we borrowed heavily from the
most famous (and only) worker oriented questionnaire: the Position
Analysis Questionnaire, developed by McCormick under another government
contract. We made several changes in the PAQ to adapt it for Coast
Gturd use. First, we deleted items that were not at all appropriate
to the military setting, Of those items that we did keep. we changed
the wording and the examples to fit more clearly the Coast Guard
setting. A major effort involved reducing the reading level of the
PAQ. Previous research with the PAQ had shown that it required a
post college graduate read!ng level. This is fine for trained job
analysts, but would not do in a mass mail-out to enlisted personnel
in the Coast Guard where the average education level was at the 12th
grade level or below. In tlhis regard we were successful in reducing
the reading level from the 17th grade level to the 10th grade level,
as measured by a computer program for that purpose that we have at
Ohio State.

Another significant change involved elim!nating the ,ariety of
different response scale formats used on the PAQ We converted all
items so that they could be evaluated by the Relative Time Spent scale
used in the Air Force and other military services. A final revision
was to add nome fifty items that we called "leadership process items."
In our study of the PAQ we found that as a job analysis instrusert it
was particularly deficient in the area of differentiating among higher
level leadership processes. Our source for these additional supervisory-
type items was verb lists from previous task analyses performed in the
Coast Guard.

cWe finally ended up with a 12-page, 153-element booklet that was

wiled to some 3000 Coast Guard enlisted personnel. The sample was
equally represented by members in all job ratings and grades. Incidentaliy,
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we got a 61. percent return rate at aur cutoff point. Our final
sample consisted of responses from .,O23 Individualti.

3. Statistical Methodolo-v or Analyzin& the. Job Analysis Data

Let me now describe the data base that the returned questionnaires

provided us. First of all, the data formed a three-dimensional cube.
tme facet of the cube had 153 levels representing the 153 different

worker-oricnted job elements on our questionnaire. A second facet of
the ctvbe contained 23 levels representing the 23 job ratings in the
Coast Guard for which sufficient numbers of persona existed to be
included in the statistical analyses. The last facet of the cube
contained 9 levels represeting the nine different ranks In the Coast
G;uard. Uach cell of this three-dimensional matrix represented a
unique combination of job rating, rank, and job element, and contained

from 15-35 observations, depending upon the return rate for that cell.
Mean relative time spent values were computed acrohn all observations
in each cell to produce a final 153 x 23 x 9 data matrix containing
--can valuesi.

The maJor d.t.a analys!P4 question facing us was how to analyze
AsISltanoously all facet* of this cube and come up with practical
suggistions for the number of forms that should ie- developed for Coast
Cuard use. Rn this regard, Tucker's three-ode factor analysis is
uniquely designed to analyze data of this sort. Three-mode factor
4nalysis proceeds !in two stages. During the first stage a *Qparate
tactor analyijt iu omputed on the separate modes ol the data (in
our case: job elements, job ratings, and ranks). In the second

stage a core matrix i created that interrelates factors from the
various modes of the data.

To tllustrate the kinde of meaningful output that this procedure

gave us, i have included the results of the job grade factor analysis
in Table 2. As you can see there wre two factors that were extracted

and rotated. F.4's and ES's had principal loadings on Factor I, E7's
U8's. and L9's had prkncipal loadings on Factur Il. and E6's had
loadings on both Factor I and Factor II. In general, this told us

that in tenus of relative time spent on these worker oriented items.
Chief Petty Otficers roughly had the sa.me pattern of responses.

fkewic, and L5's could be characterized as similar. EW's,
however, were found to be similar to both groups. That is, some of
the processes E6's have to exhibit on the job are similar to Petty
Officerc and some are similar to Chief Petty Officers.

te analysis of the remaining two modes produced equally interpretable
radults. For ex.mple, the factor analysis of the job rating mode iudicated
that there were five factors: one representIng the variousk electronics
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ratings, one representing tite aviation ratings, one representing
the deck/watch ratings (e.g. boatswain's mate), one representing
the engineering ratings, and a final factor made up of servic,-type
ratings such ati musician, photojournalist, and hospital corpsman.

An ingpection of the core matrix provided the final suggestion
as to which groups of Job ratings and ranks could be combined. From
the entries in the core matrix we concluded that regardless of which
job rating they came from, the responses for Chief Petty Officers
were similar enough that they formed a group by themselves. Likewise.
we found that there were five identifiable groups of Petty Officers,
one for each of the five factors that I described to you.

These results lead us to recomend to the Coast Guard that they
implement a performance ap!,ra!9#1 system !hat contains seven form.
One form for Chief Petty Officers, five forms for the different types
of Petty Officers, and ine form for the non-rated personnel (Seamen,
Airmen, and Firemen in the El - E3 ranks). We feel that a system of
sevn for'ms wotild be maximally sensitive to the different types of
work and levels of responsibility inherent in the enlisted personnel
population of the Coast Guard.

We took these suggestions with us to the technical conferences
io the field and essentially received support Irom rators foT a system
of this sort. The whole process sitill mazes m! We sttarted out
with worker oriented job elements, analyzed the& with at very complex
multivariate statistical techrique, and ended up with s-uggestions that
were practical and acceptable to people iii the field.

4. E!rihasls on User Acceptance

Another important a;pect of this project has been our heavy
emphasis on developing a syster with high user credibility and
acceptability. Last spring we held several formal technical conferences
with repreuenitives from six different groups for which these forms
vere being deveiooed. These meetings lasted oue day each ar were
held at Goverror's Island tn New York hatbor and at Elizabeto City,
North Carolln-.. Tese sessions were characterized by group exercises,
structured questionnaires, and open-ended dimcunsions.

As an illustration of how we used suggestions from the field to
shape the final forma' of these rating Lnstrutents, I would like to
show you the response scale that we have Included in the fina
proposed versions of the evaluation instruments (see Table 3). As
you can Ae,, woe decided on a reuponse scale with five categories.
As on aside, you are probably aware of the controversy in the
literature regarding the number of discriminations th.at humans can
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reliably mke when ratigo the perforar.ce of ochera. In terms of
the optimum nuaber o! scale points, the most often cited recovisndation
ii seven, probably based on Killee's 1956 paper on information processing
capacitles of humans. However, some researchers hsve argued that the
more points tl more reliable ew data, and others have argued that the
more scale points the less reliable the oata. In reviewing the liter-
ature in this area, we were persuaJed by a monte carlo study by issitz
and Green at the University of Georgia. These researchers demonstrated
that. in general, the more points on th. response scale the more
reliable the data. However, the level of the curve beyond five points
was auch that no practical increase in reliability ca,; be achieved
beyond five points on a ticale.

Therefore, when we went to the field hessions last spring our
bias was five points. However, our mock-up for these sessions contained

a response foruat with eight response categories. To our surprise, we
found an overwhelming preference for a rating scale with four or five
points rather than one witt a larger number of points as in our mock-up.
All raters in th field sAid that they could confidently identify the
extre, outlayers (oucutanding performers and unsatisfactory performers).
In addition, most rater. said that of those that were lvft they could
probably rellabty make dlottnctionx among three grou ps of personnel,
roughly corresponding to average, above average, and beAow average
per orm anz.:

W/e tried to get stw.e consensus ahouy; how to label these five

caregories, but found it dl~ffit:tlt. Lveryone agrecd to the labels
"~outstanding" .and "unatisfactory" for the two extreme rating categories
on eigher end of the scale. However. there was no strong indication of
how to label the thre categories in the middle of the scale in a way
that would convey the same meaning to all ratez2 in the field. It was
finally suggented that regardless of W'iat the middle three categories
were labeled, the moot helpful information would he an indication of
tie suggested distribution of ratees that should fall in these middle
categorici. iln yot can aee in T'bhe .3 all three boxes are simply
laheled "good," and the values 101-70%-10X have been included on the
final format. Raters in the field f.lt that the values 10-70-10 would
interpret and gtve meaning to what wan meant by the three levels of
"1oed' performance, These valuen (10-70-10), incidentally, reflect to a

V;re.t extent what the ratErs in the field fclt the actual distribution
of talent in the Coast Guard was. That Is, most raters believed that
the overwhelaig xajority of enli..ted personnel in tlw Coast Guare. were
doing a good, casable job. In addition, these raters felt that a such
smaller percentage of Coast Guard personnel perforued a little better
and a little worse than this m_ jority. And, finally, at extremely
small percentage (51) were either outsta .ing or unsatisfactory
per fos. rn,
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1iocisionti about other characteristics of the final evaluation
foms were also made during these field conferences. The final
seveo forms in the system, for example, each have two major blocks
of r:ting Items: those measuring persunal qualities (e.g., Depend-
ability. Initiative) and those measuring performance of duties.
Ilhi list of peroonal qualitiea to be rated are constrcnt across all
torms. That is. we felt that the personal attrIbutes important for
success as a Petty Otticer Boatswain's Mate are the same as the pe-sonal
attributes necessary for a Petty Officer Radioman. However, the perfor-
mince of duties items were for thie mDst part unique to each form. These
items wire oelecte,! troa the three-mode factor analysis output and
tended to be items that had high relative time spert ratings and at
the ii time were important in dliffetentiat ing amoug the groups.

The number and defnitionit of the personal qualiLio s changed
so*mwhat a"s a result of the field conferences. For example, the
raters told u that they would find it difficult to differentiate
between the traits Motivation and Initiative. Therefore, on the
!tal form we combined the two itto a single definition under the
trait Initiative. An invariable request from the field settings was
to include the trait "Military Rearing" in the final list of attributes
to be raitvd. Likewise, we discovered that a number of the performance
of duties items taken from tie jot) inventory with good statistical
properties were not pprticularly meaningful to raters In the field
and wvre. therefore, deleted.

One thing that I t hink was unique ahout our approach is that we
took these suggestions seriously. I know that there is a loz in the
advice-givine literature in performance appraisal to suggest that
you should avold using personal traits on evaluation forms, particulirly
trait* ouch as Military Bearing. However, one of our prime interests
was in the attitudes of raters in the field. We felt that before you
can expect raters to give you good data you must have an instruaent
that has credibility .,,,, 4i .iCCCp,,LC ...d meaningful to the people
who ire going to use them. (Moreover. on a more technical level, the
suggestion by Kavaaugh that the evidence Is not yet in on the
superiority of behavior ratings versus trtit ratings is due some
considerat ion).

b. Experimental Test Period

The final aspect of thip project that I think is important to
relate to you is tie comtitment on the patt of the Coast Guard for an

experimental tryout of the proposed forms before they are implemented
system-wide. The purpose of the field tryot.t will he to investigate
the psychometric characteristics and the psychological reactions of
the proposed oyetet, under "live" conditions. We will try to find out
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whether or not the new system with seven forms can improve upon the
existing systest that I described at the beginning of this talk. As
part of the current project, thet , we have proposed an experimental
design whereby the various aspects of the proposed system can be
tested and evaltuated.

Conclusions. Before I leave you this morning I'd like to coment
on how we .hink this new appraisal system viii solve some of tite Ills
of the exiaLIng system that I outlined 45 minutes ago. F'rst of all,
we hope that grade effects ii the tmarking system will be reduced
simply by the fact that high ranking NCO's will now b, evaluated on
.1 separate form than lower ranking NCO's. We think this will make it
moro palatable for raters in the field to rate an 7 or an E8 as
average, in comparison with other E's or e8' in the Coast Guard.
Secondly, we think that the tendency of raters to rate leniently will
he reduced on a form that drmatizes the fact that 90 percent of the
personnel should be rated in the middle three blocks on the form.
If the feedback system works and raters begin rating average perfor-
mance in the average block, tie should get the kind of discrimination
In the system that is needed in order to identify only the outstanding
c.ndidates for prom)tion. W1th respect to redundancy of Information,
we don't kid ourselves about the fact that %!v will get high correlations
among the many different items on the form. flowever, by breaking down
complex concepts such as Lead.,rship and Proficiency we offer the rater
the possibility to rate difft-entially within a single ra--te, rather
than to rate on the bastis of an overall global, evaluat.on.. All these
1deas, of cotroe. will be tetoted in tht- experimental phase.

In suI~try, we have developed a promotion system for enlisted
personnel that contains a rater feedback and monitoring component
for a collection of seven separate evaluation forms. The unique
aspects of this project tl~at we have talked about this morning are
1) the philosophy regardlhig the moat important determinant (rater
motivarion) of effective performance appraisal data, 2) the worker-
oriented inventory that ve devel,)ped, 3) the statistical methodology
that we used to .inultatn.ously analyze the three medis of the worker-
oriented job analysis data, 4) the emphasis we h ave liad on the
importance of user acceptance, and 5) the field experimental tryout
of the proposed synitem.
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Table I

Actual Contributions of Factors for Advancefent
in Pate During Harch 1976 E3-E8 Servicewide

Competition for Advancementw

Percent Contribution

Factur Intended Actual

Examinat ion Score 44 40

Performance Evaluat iors 28 15

Time In Service 11 38

Timei ll P'.aoradc 11 6

Medala and Awards 6 1

ATaken Ir," .1. F. Stumpff and R. D. Chavaller, An Anaeq.&44
4i111 /,p,,a jo , R'c'-t,,t vj the Coas Gua/od f-f. ted
IX. , t' flhtit l i a'a'uV z (wo.: Sqtjs(cr. Thesis fubAl t ted to the

Naval Poot Geraduate School. Montecey, California, December,
197o.
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Table 2

Varirsax Rotated Eigenvectors ior the
Tuo-Dimensional Approximation of

the Grade Mode Variance

Vectors

G rude I Ii

E--4 .74 -. 11

E-5 .59 .06
L-6 .30 .35
E7 .01 .64
FS/F9 -. 09 .67
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Table 3

Response Categories on the Final Rating Form

ERLSPONSF CATEGORI'RS

Not Unsatis- Out-
Obti rved factory Cood standing

51 IOX 7u% 102 5Z

f 20
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Notes on the Feasibilitv of Predictinq
Fiqhter Pilot Effectiveness1

E. W. Younglinq, S. H. Levine,
J. B. Mocharnuk and L. M. Weston

presented by J. B. Mocharnuk

McDonnell Douglas Astronautics Company - St. Louis
P.O. Box 516, St. Louis, Missouri 63166

ABSTRACT

History has demonstrated that there is a pressing need for improved
selection and training of fighter pilots. In World War II, only one of
twenty pilots became an ace. The U.S. Air Force kill ratio in Southeast
Asia was approximately 2.5 to 1. In contrast, the Israelis claim to have
a kill ratio of 60 to 1.

Our feasibility study has focused upon enhancing our record of air-
to-air combat kills through more stringent and comprehensive selection
proceduref Evidence Is presented which demonstrates that a program can
be developed to select pilots who will be effective in air-to-air combat.

From reviews of U.S. and foreign selection research dating from
World War II to the present and an assessment of pilot opinirn from
hundreds of aces, 45 factors were identified as potential pndictors of
fighter pilot combat effectiveness. Of these 45 factors, only 10 are
adequately evaluated within current military selection programs upon
entrance into pilot training. Assessment of the remaining 35 untapped
factors is within our technological reacn. In fact, many of these
factors can be assessed by tests which are presently available.

We developed an Air Combat Effectiveness Study (ACES) program which
would establish selection test measurer for virtually all of the factors
identified as underlying fighter pilot combat effectiveness. As part of
the ACES program, selection test measures would be validated against
performance in air combat maneuvering ranges, thereby providing a method
for selecting fighter pilots during peacetime. We have emphasized
selection for success in the operational environment rather than success
in training.

Armed with these selection test scores and an effectively executed
validation program, researchers should, for the first time in history,
be able to specify a definitive profile of the ace fighter pilot.

IThls paper is based upon ARPA (Defense Advanced Research Projects
Agency) Contract No. MOA-9-3-76-C-0169, "Feasibility Study to Predict
Combat Effectiveness for Selected Military Roles: Fighter Pilot
Effectiveness" ty E. W. Younging, S. H. Levine, J. 3. Mocharnuk, and
L. M. Weston, dated 29 April 1977, MDC Report E1634.
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Notes on the Feasibility of Predicting
Fighter Pilot Effectiveness

Fighter pilot combat effectiveness was selected for investigation
for several reasons. Top level DoD concern with combat effectiveness
is always present and the Defense Advanced Research Projects Agency was
interested in the importance of manning high cost weapons systems. In
those systems, the cost of developing and implementing nroper selection
and training programs should be quite small relative to the total weapons
system cost. Because the McDonnell Douglas Corporation is intimately
concerned with fighter aircraft systems effectiveness, the fighter pilot
role was of special interest to us. Also, recently developed combat
maneuvering raages were considered, with simulators, as potential tools
for use in selection as well as training. Complementing these interests,
the history of air combat has demonstrated that a need for improved pilot
selection and training exists.

In World War II we sent many pilots to war; some survived their
early combat engagements, became skilled at their craft, and went on to
become aces - but they were the exception. According to official Eighth
Air Force records of approximately ;000 fighter pilots who flew against
the Germans during 1943 - 1945, re~ativeiy few became aces. Only 261
(about 5.2 percent) achieved this goal. However, this small group of
men were responsible for 40 percent of the total 5284.5 German planes
destroyed by the Eighth Air Force fighter pilots during that period;
thus, 5 percent claimed 40 percent of the 'ills (Eighth Air Force, 1945).

In the Korean War, once again it was found that a small percentage
of Air Force pilots were obtaining most of the kills. Here again, the
largest group of pilots recorded no kills (53.5 percent) while a small
group of 38 pilots (4.8 percent) became aces. Importantly, each of the
F-86 pilots had at least 25 counterair missions and, ther:'fore, presum-
ably, a fair chance for a kill (Torrance, Rush, Koho, and Doughty, 1957).
Clearly, the aces, a small group, make an overwhelming contribution to
air-to-air kill records and air supremacy. We must find a way to augment
our record of air-to-?ir kills, especially since we will probably be atle
to field only a relatively small number of fighter pilots in future wars.

Fighter pilots have recommended that the way to impreve air-to-air
perfortance is to select a man according to more rigid standards, give
him specialized training, and keep him in the cockpit. We feel that it
is prudent to seriously consider the reconnendations of the fighter
pilot conmunity.
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Much of the present study is concerned with the issue of finding a
better way to select men for the fighter pilot role. We have emphasized
air-to-air combat. The development of a selectioti program of this nature

tK ~ requires several discrete operations -a job analysis of thrj, fighter
pilot task, the generation of testable trait hypotheses, the development
of predictor variables, validation, and cross validation. In this study,
an extensive and comprehensive job analysis was performed, hvputheses
*' re established, and programs were outlined for execution of the remain-
ing operations. We conclude that a program can be instituted which could
select men at entry into the military who would prove to be effective
air-to-air pilots. For validation purposes, these pilots can demonstrate
their effectiveness, during peacetime, in air combat maneuvering range
engagements. High quality intermediate criteria can be developed in this
type of facility. Furthermore, we believe it is possible to select
pilots who have the motivational char&cteristics of those who will fight
efectively in actual combat.

Figure I contains a portrayal of the classtis of inforatinn evaluated,
the resultant profile of the combat effective, ard the ACES program. The
principal work elements of this study focused on the identification of
those critical characteristics and skills which are thought to character-
ize the combat effective pilot. In all, five major sources of infonation
were used to generate the integrated profile of the combat effective pilot
shown in Figure 1. This orofile is bised on our comprehensive and system-
atic review of World War II, Korean, and Southeast Asian conflict informa-
tion and deals with the scitentific studies of combat aviation and combat
infantry for those wars. The U.S. Military Aviation Selection research
from World Wat II to the present time was reviewed. This literature,
which focuses upon characteristics and critical skills wh!.n predict
success in flight traininq, has been used as a sourc* of hypothesis
generation because, by implication, these fcturs should be related to
combat effectiveness. We also revieo-cd the German and Japanese World War
I aviation selection research programs as well as the current Israeli
program. Our final source o' informatin came from 373 questionnaires
which were returned to us by fighter pilots. Significantly, 280 of these
returns were eithier from ace aviators or aviators with MIG kills in
Southeast Asia. The fighter pilot organizations were surveyed and their
response rates are reflected in Figure 2.

Using tne data and inputs from the five sources of iiformation, we
generated the integrated prcfile of the co,,bat effective fighter pilot
which is shown in the accompanying tigere. In all, some 45 factors dis-
tributed a g,, 12 major domains (see Frgure 1) can be reasonabiy hypothe
sized to be of predictive value in identifying the coirrat effective air-
to-air fighter pilot. As an example, r!F che 45 factors which can
legitimately be supposed to underlic air-to-air figtiter pilot combat
effectiveness, 35 of them are not adequately tested for by the U.S. Air
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PILOT ORGANIZATION NO. NO.CK

AMERICAN FIGHTER ACES ASSOCIATION N X7 49

NAVY MIG KILLERS ASSOCIATION 22 52

RED HIVER VALLEY FIGHTER PILOTS ASSOCIATION N 51 51

NATIONAL GUARD PILOTS 40 13 33

ACEVAL - AIMVAL NAVY PILOTS 12 12'u

ACEVAL - AIMVAL AIR FORCE PILOTS 6 61100

AGGRESSOR SQUADRON AT NELLIS 12 12 100

TOTAL 735 37 51i 1 L .... -

FIGURE 2 PILOT ORGANIZATION AND RESPONS.S
Force in their entry selection program. Since the methodology either
exists or is within our technological grasp for testing the bulk of these
hypothesized predictor variables, we believe that a prima facie case has
been made for the overall feasibility of such a research orogram.

In the lower right hand portion of Figure I is an outline of the
ACES selection test program which would test for the 33 factors listed
within the fiqure. The hypothesized predictur variables art grouped
according to the class of testing device which -Nerged as most appropri-
ate in our analysis of Lost-effectiveness and practicality. We concept-
ualize a selection test proram as having similarities with the current
lraell program, although probably more comprehensive. Such a selection
test program could best be conducted at a single site, hnd candidates
would be testpd during ai, estimated seven te ten day period.

The next step in the ACES progrim, after the implementation of the
combat effective oilot selection test bttery, is the Peocetime valida-
tion phase (air comhat maneuvring range performnnce assessment program).
The use of success in pilot training as a criterion for pilot selection
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has proven unsatisfactory as a means of identifying the combat effective
pilot. While successfully completing pilot training is a necessary condi-
tion for becoming i pilot, it is not a sufficient conditi: n for becoming

combat effective, A performance criterion hving a stronger relationship

to combat success is needed to properly validate the test battery. Evi-

dence that tests which predict success in training also predict success
in the operational environment has riot been found. Figure 3 shows corre-
lations between three predictors and two criteria, passing advanced flight
training and the number of combat kills. Although the data are from

CRITERIA

PASS-FAIL COMBAT KILLS

.4 PILOT STANINE to __ ___.57 .12/.14

DIAL & TABLE READING .40 --.17/.13

SSPATIAL ORIENTATION .34/38 .08/.1

FIGURE 3 TRAN R A VERSUS OPERATIONAL CRITERA

different studies, upon inspection they suggest that we, at least, care-
fully evaluate the utility of using only training criteria for validating
our selection instruments.

Once this phase of the peacetime program is completed, the pilot's
conbat effectiveness scores would be correlated with the ACES selection
test ornrsi t rhe s, and the determination made concerning the predictive
power of the ACES selection test program. If, upon analysis, adequate
correlations exist between some of the candidate pilot's selectiot, test
scores and his perfonmance durinq dissimilar air combat testing, then
there will exist, durliti peacetime, a way of selecting pilots who will
nerform adequately in a necessary condition for combat success. Com-
bined with appropriately small selection ratios, the probability of
selecting combat effective pilots will be greatly enhanced.

Finally, we have prepared an ACES combat contingency validation plan,
for ultimately, should the situation eventuate, one could relate the
pilot's scores in both the ACES selection test program and the ACES pilot
air coobat maneuvering range performance assesaient program with perform-
ance in actual cortat. The combat contingency validation plan includes
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a specification of the combat data required to make a quantitative assess-
mrent of the combat effectiveness of individual pilots, uncontamiinated by
such issues as opportunity. We have used the Strawbridge and Kahn (1955)
study of combat effectiveness in the air war in Korea as a model for
developing the data requirements for a scientific and rigorous combat
data collection progra)m. Critical combat daia requirements identified by
those authors include missions, tightinqt as leaders, firings, and
weighted kills.

While the overall ACES program Is ambitious, it is, in our opinion,quite feasible .-'d is potentially a very high payoff program. The nature

and size of the ef'. rt required to accomplish this job is such that it
will clearly rv,oire high level endorseneft and sponsorship.

The ACES combat contingenicy validation program which we have sketched
out here is clearly provisional. However, it does supply a usable depar-
ture point for a more carefully contrived plan. Air Force efforts, both
In World War IT and, particularly the Korean conflict, were well conceived
and executed. Indeed, they form a large basis of what we can say factu-
ally about the factors contributing to air combat effectiveness. However,
the researchers, through no real fault of their own, had only very limited
relevant information on the pilots prior to their entry into combat.

If the ACES program recocinended in this report i implemented,
resea,ch sciertists will be armed with selection test scores for virtually
all of the dimensions presumed to underlie fighter pilot combat effective-
ness. Armed with these test scor.es and an effectively executed combat
data acquisition validation proqram, the military aviation research coin-
munity should be able to select those porsons who are most likely to be
combat successful fighter pilots.
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Initial Development of the Organizational Assessment PackaSe

William H. Iendr~x

Air Force Human Resources Laboratory

T, Brooks Air Force Base, Texas

INTROD;JCTION

Organizati nal effectivenoss Is an area of vital concern to the

Air Force. It Is an area that can not only result in financial loss

but loss of human resources. Most Air Force personnel can recall personal

experiences where they have witnessed organizaticns which were obviously

inefficient financially as well as having morale and productivity proble.m-s.

The problem addressed in this paper is how does one effectively model

organizational effectiveness and, in turn, measure it. Toward that end,

a Three Component Organizational Effectiveness Model is presented and

tne data collection instrurment package which is bosed on the model is

described. The instr-rent package is entitled the Organizational Assess-

ment Package (OAP).

BACKGROUND

The Organizational Assessment Package (OAP) is being developed for

use by the Air Iercc's Leadership anO Management Development Center (L.MHC)

Maxell AFB, Alabama. Thw objectives of LtlDC include: (a) providing

consultative services to A!r Force comnanders, (b) provide Leaderthip

and management training to Air Forc- personnel in their work enviroiment,

and ;c) perform research in support of (a) and (b) above. The consultative
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role Involves organizational problem area identification and recommenda-

tions for reducing cr eliminating problems identified. The OAP is being

designed to meet LMDC's objectives. First, the OAP will provide a mans

of identifying existing strengths and weaknesses within organizations.

Second, research results can be fed back into their Professional Military

Education, other leadership and managemnent training courses, Air Staff,

and functional Offlc,-s of Primary Respcnsibility (OPR's). Lcstly,

the OAP data base established can be used for research to strengthen

the overall Air Force.

THREE CO.......'"14T OWRANIZATIONA. EFFECTIVENESS MODEL

The Thic; Component Organizational Effectiveness Model (c.f. F[-.ure I)

was primarily reported by Hendrix (1976), and considered (0rqanizational

Effectiveness (E) to be a function of: the criterion selected (c);

the managerial style employed (m); and the ituational environment (s),

which includes the manager's subordinates, peers, and other personnel

in the environment. That is: E - f(cm,s).

ORGANIZATIONAL ASSESSMENT PACKAGE

The Organizational Assessment Package (OAP) is designed to measure

the basic components of the Three Component Organizational Effectiveness

Model. As can be noted in Figure I. the Supervisory Job Inventory (SJI)

IIn Hendrix (1976) the model was initially entitled the Three Component

kcadership Effectiveness Model and has since been exparded to focus
on the entire organization.
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is designed to measure managerial style (m), while the ,.tuatlonal environ-

ment (s) Is measured by two sections of the OAP, the BeI-kground Information

itecton and the Organizational Job Inventory (i). The criteria are

satisfaction, organizational climate, and perceived productivity. These

are measured by the sections entitled; Job Satisfaction Questionnaire

(JSQ), Organizational Climate Inventory (0cl), and Perceived Productivity

Index (PPI). Hard data when available will be collected separately and

merged with the OAP data base.

OAP FACTORS

Items within each of the OAP sections have been written to measure

certain factors. The Background Information section contains bloore'.hcal

:nfomation Items and Items associated with factors in the situatlonal

environment. The factors In t?*e situational environment which the items

attempt to measure nclude: (a) organizational level of work group, (b)

work group type, (c) work group ,Ize, (d) group member nhturity, (e)

Organization's geographic reiloo, (f) exteit to which work group meetings

are used to establish goals, (9) extent of cotrmunication between work group

members, and (h) stability of work hours. In addition, the situational

environment is in part measured by the Or'garzatlonai Job Inventory (OJI).

The factors included in the OJI are based, In the main, on the job enrich-

ment model proposed by Hackmnn, Oldham, Jansen, and Purdy (1975). They

proposed five basic factors which they called Core Job Dimensions, Those

were: (a) skill variety, (b) task Identity, (c) task significance,
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(d) autonomy, and (e) feedback from the jnb. These fdctors are to be measured

by the OJI plus one additional work related factoe which is labeled Work

Interference. This factor deals with the extent and adequacy of: (a)

additional duties, (b) equipment and supplies, and (c) provided work space.

In the criterion area, organizational climate is measured by the

Organizational Climate Inventor' which Includes the factors of: (a)

Communications, (b) general organizational conditions, (c) employee

concern, (d) employee commitment, (e) decision making, and (f) recognition.

Another criterion area is that of Job satisfaction which is measured

by the Joh Satisfaction Questionnalre (JSQ). This questionnaire contains

~30 Items whic., are descriptions of 30 factors out of 35 factors Isolated

by Gould (1975) in an unpublished stud/. The methodology and items used

to isolate the factors can be found in Tuttle, Gould and Hazel (1975).

The 30 factors are listed in Table I.

The last criterion is perceived productivity and Is measured by 4 Items

contained within the Perceived Productivity Index section. The items measure

perceived productivity in terms of tne work group's: (a) quantity of work

output, (b) quality of work output, (c) performance when high priority

work arises, and (d) whether flow of work to or from the work group is Impaired.

The Suparvisory Job Inventory (SJI) consists of 81 items relating to

supervisory tnhavior. Once an adequate sample has been obtained these items

will be factor analyzed and the resulting factors will be used to depict

differing managerial behaviors.

PROGRESS

A small scale %tudy (n - I44) was ccnducicd at Lackland Air Force Base
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during May 1977. One purpose of the study was to collect critique informa-

tion on the OAP in order to improve it. in addition, the data served to

provide an initial base line in terms of means and standard deviation for

each item on the OAP. An intercorrelation matrix consisting of the OAP

item variables plus a series of compound variables generated from the

original variables, was used to: (a) delete items which did not intercorrelate

well with the stated factors, and (b) establish simple correlational

relationships between variables in the situational environment and managerial

area with criteria items. The OAP previously described is the result of

revisions based on data collected from the Lackland study. The major

modification was the deletion of the Job Diagnostic Survey (JDS) (Hackman.

et al, 1975) frcxy the instrument package, tith the OJI being used instead

to establish the job enrichment variable values. The reason fo- deleting

the JDS instead of the OJI was to reduce the total pages in the 'AP

(i.e. the JDS is approximately 7 pages and the OJI is 2 pages) and to

have the format of the instrument the same as that of the other instrumients

within the OAP. The JOS is an excellent instrument and if the OJI indicates

a job enrichment problem exists within an organization, then a more

thorough examination could be accomplished using the JDS. Table 2 lists

the intercorrelations between the job enrichment factors on the JOS

with their counterpart on the OJI. Table 3 presents the intercorrelation

of selected criterion items with the situational variables of: (a) a total

score across items on the OJI (OJl Total), (b) the Motivation Potential

Score (WPS) and Growth Need Score (GNS) as defined by Hackman et al, (1975),

(c) the Need for Enrichment Index (NEI) which is derived for the OJI and

is the total score of all items indi.nating a need for enrichment, and (d)

the Job Motivation Index (JMI) which is computed with the some fer.,ula as
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DISCUSSION

The OAP is designed to provide indicators of the manager's behavior,

the situational environment and criteria of orgdnizational effectiveness.

Should problem areas be identified then a more detailed investigation will

be performed by on site consultatiun teams. Once validated the OAP

should provide a means for: (a) identifying organizational strengths and

weaknesses, (b) establishing appropriate managerial behavior in different

sititations with different criteria of success, and (c) identifying and

resolving functional, career field, or systematic Air Force problems.
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TAI.E I

JOB SATISFACTI' QUESTIONNAIRE FACTOR ITEMS

Addit'onal Dut leI Temperature of Work Envlronr uit

.q;u puent and Supplies i,':vc Pol ichcr,

Inorrmition on Policies and Procedures Work ItseIf

Frelin. of Helpfulness Work Sehedu'e

Control of Others (Non-Supervt~ory) Job Secirit:y

(Uiracterti-cq of the Loca) Area Safety Progra.mis

Work Space Travel

Fo. al. Contact (Other than Co-orkers) Acquired Valuable ,k.Ul.s

Co-worker Rvn ationshtirs Base Facilties

Family Attitude Toward Job B.se lousing and Eating Fncltities

Independence in Work Procedures

Joo-Associated Training

.1Jb Hazards

Moral Acceptability of Job

Self-Improvement Opportunities

Social C(itact Opportunities

Nosyifial Activity

Verbal and Wrt ten Cownuniction

superviso: Responsibilitl|s

Tmporary Duty (TDT) Costs and Ctonditlona
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TABLE 2

IL P, .AT!ONS OF JOB ENkIIIHE "NT FAC"OIRS ON
T1F: JDS WITH THOSE ON 1"1E OJI

FA{(7 (sR CORRELATION COEFFICTENT

Skill VariLetv .60

Task Identify .60

Tank Signifficance 'fil

Aut oi,,xv

hjob F'edb k .)9
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~TABLE 3

SITUATIONAL E.NVIROWENT VARIA3LE PREDICTORS OF CRItERIA

CRITRIA
4a

Work iat~sfaction Perceived Productivity imate

Situational Variable 1 2 3 4 1

Oi To!!Il 52 .26 .41 30 -.11 .26 .2)

,1P~ .b? .21 .39 .32 -. 21 .26 .Z2

21 .15 .16 .10 .14 .22

'WI .21 Jo€ .9 .16 -.04 .18 .16

.56 .32 .44 .32 -. 17 .30 .25

P.Ir.,ved Produ( I i ity

I (,*sa,1titv of Work Output

Perform ance whv: high prl;srit, ,' ar .

FW- it- .t,-v in, v ,r'k flow frm. and to wur, rop.

i 1i mat o

-you are' ;,r',d oi urganu,7at ion

v'u feel repon-bIble for your orgaH ization
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QUALITY OF LIFE IN THE U. S. AIR FORCE:

1977 vs. 1975
.I

Charles W. McNichols
T. Roger Manley
Michael Z. Stahl

Air Force Instittte of Techfailogy

In 1975 the authors reported on the developnent aud initial application
of a nine factor model describing the Quality of Air Force Life (QOAFL).1
Initiaily, the model was constructed to provide a theoretical framework for
the Air Force Management Improvement Group's (AFMIG's) surveys of Air Force
military membe's, civilian employees, spouses of military memaers, and base
co mranders. It has since been used as the unifying theme for an Air Force
wide survey of all commanders and in a second survey of Air Force military
r&embers, resulting in a total data base which includes over 50,000 responses.
Data obtained from the most recent military survey effort, performed in the
spring of 1977, offers an opportunity to examine the mrodel for stability arid
to look at a longitudinal comparlson )f Quality of Air Force Life perceptions.
These issues will be explored in this paper, along with some more detailed
comparisons within the 1977 sample.

THE QOAFL MODEL

The nine dimensiins hypothesized as encompassing the scope of the
Quality of Air Force life are listed and defined in Figure 1. In application,
each factor is presented to a survey respondent along with its definition and
a pair of seven point scales to be used in reporting degree of importance
and satisfaction associated with the factor. In the Air Force Quality of
Life surveys, each of the nine factors was followed by a sequence of more
detailed survey items related to the factor.

!n the earlier (1975) surveys, an importance scale with seven responses
ranging from "Low !mportance" to "High Importance" wa- ,ed. Most responses
tended to cluster toward tIe OHign Importance" end of this scale. While this
rcs,,'It rpinforced the authors' belief factors of major importance had
been chusen, the importance scaie was not very useful for discrimination

-"' es Therefore, in the i977 survey of nilltary personnel, the scale was
c0anged to range from "Moderate Importance" t0 "Very High Importance" as
sh-,un in figure 2. The rescaling resulted in the hoped for increased variance
ir the impjrtiance responses, but prohibits meaningful comparison with the
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erliter reported importance levels. For this reason, analysis in the
remainder of the paper is based only on the satisfaction responses for each
of the nine dimensions.

Figure 1

QOAFL FACTORS

ECONOM C STANDARD: Satisfaction of basic human needs such as
foo dTsheter, clothing; the ability to maintain an
acceptable standard of living.

ECONOMIC SECURITY: Guaranteed employment; retirement benefits;
insurance; protection for self and family.

FREE TIME: Amount, use, and scheduling of free time alone or
in voluntary associations with others; variety of
activities engaged in.

WORK: Doing work that is personally meaningful and important;
pride in your work; Job satisfaction; recognition for my
efforts and my accoriplisIhments on the Job.

LEADERSHIP/SUPERVISION: Has my interests and that of the Air
Force at heart, keeps me informed; approachable and
helpful r,,ther than critical; good knowledge of the job.

EQU.ITY: Equal opportunity in the Air Force; a fair chance at
promotian; an even break in my Job/assignment selections.

PERSONAL GROWTH: To be able to develop individvzal capacities;
educa toni/training; making full use of my ab4litles; the
chance to further my potential.

PERSONAL STANDING: To be treated with respect; prestige;
- ign-ty; reputation; status.

HEALTH: Physical and mental well-being of self and dependents;
Faving illnesses and ailments detected, diagnosed, treated
and cured; quality 4nd quantity of health care services
preyvided.
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Figure 2

QUESTIONNAIRE EXAMPLE: FREE TIME

Please rate the degree of importance of free time to you and your
degree of satisfaction with it based on the following description:

FREE TIME: Amount, use, and scheduling of free time alone, or in
voluntary associations with others; variety of activities
engaged in.

What degree of importance do you attach to the above?

A ..... C. .E. F ..... G
Moderate High Very High
Importance Importance Importance

To what degree are you satisfied with the FREE TIME aspects
of your life?

Highly Highly
Dissatisfied Neutral Satisfied

ANALYSIS

In this section of the paper the nine factor QOAFL model will be examined
from a factor stability standpoint, mean satisfaction levels reported n the
1975 ,and 1977 surveys will be compared, and some of tne differences in QOAFL
satisfaction levels for various subsets of the population responding to the
1977 survey of Air Force military personnel will be reported.

Model Stabi 1i

Although shifts in mean satisfaction levels are to be expected over time,
the model will be most useful for longitudinal research purposes If the
correlation structure of the nine factors is found to be relatively stable.
To test the model for this factor stability, principal component analysis
results for the 1975$ and 1977 surveys were compared. Table I sunmarizes
the two analyses. In both cases, two strong factors can be identified,
explaining slightly over 50 percent of the total variance. The factor loadings
ifter varimax rotation suggest similar factor interpretations derived from the

o sets of data: a general ineasure of satisfaction with the work situation
ti-o fir;,' factor, and a meisure of satisfaction with economic aspects of

:re ds Air Force member as the second.

42

• I



oTABLE I

Principal Component Analysis: 1975 Military Survey 4 - 10,996

Cum % of Factor Loadilnj. After Rotation
Factor Eliqnvalue Variance Ditns on factor-I ... i tor 2

1 3.60 40.0 Economic Standard .16 .77
2 1.04 51.5 Economic Securi ty .10 .82
3 .81 60.6 Free Time 38 .41
4 .77 69.1 Work .77 .10
5 .65 76.3 Leadership .71 .14
6 .6? 8. I Equity .54 .38
7 .56 89.4 Personal Growth .73 .26
8 .51 95.0 Per-sonal Standing .73 .26
9 .45 100.0 Health .25 .47

Principal Cm~ponent Analysis: 1977 Military Survey N 1 10,687

Cum % of factor Loadings After Rotation
Factor Efjenvalue Variance Dimnsion Factor I Factor 2

1 3.50 38.9 Economic Standard .15 .80

2 1.05 50.6 Economic Security .12 .82
3 .83 59.8 r.ee Time .50 .20
4 .80 68.7 Work .72 .15
5 .66 76.1 Leadership .70 .01
6 .64 83.2 Equity .54 .38
7 .56 89.4 Personal Growth .71 .28
8 .49 94.9 Personal Standing .71 .25
9 .46 100.0 Health .31 .45

Comparison of 1975 and 1977 Satisfaction Levels

Although the correlation structure of the QOAFL satisfaction scores did
not change significantly between 1975 and 1977, there were so'ie shifts in
means for particular factors. In Figure 3 a profile diagram has been used to
illustrate the direction and relative magnitude of these shifts. The diagram
represents the mean scores for the overall sets of respondents to the two
surveys for each of the nine factors. As can be seen from this diagram, the
lar-est shifts in satisfaction levels occurred in the Economic Standard,
[quity, and Econt'wic Security dimensions, and were in the direction of higher
dissatisfaction. All other shifts were small in magnitude, with slightly
higher rean satisfaction reported with Leadership/Supervision, Personal
Standiig. free Tim, and Health aspects of resporlents' lives, and slightly
lower -(dn satisfaction reported with the Work, and Personal Growth factors.
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Figure 3

Comparison of Mean QOAFL Satisfaction Levels Reported in 1975 and 1977

MEANI QOAFL SATISFACTIOI

Distatisfied Nieutral Satisfied
Economic Stindard B_ _ C DE . ..... F

Economic Security - __...........

/

Free Tire-

Work

Leadership

Equity Y

Personal Growth

Personal Stancinq

Hea I th ,_-

1975 . . . . 1977

Differences Among Subsets of 1977_Respondents

In Figure 4 1977 mean satisfaction scores for officer and enlisted
per'sonnel have been plotted on the profile didgal's. Officer personnel report
significantly higher satisfaction with Economic Standard, Work, Personal Growth
and Standing than enlisted respondents, but mean satisfaction scores on all
other factors are quite similar for Ohe two groups.

As a final example of comparative QOAFL satisfaction levels, the mean
scores reported in the 1977 survey by first term Air Force personnel have
beer, plotted for ea:h level of career .ntent reported in the sar* survey.
The subset of the 1977 sample, in this case, represents all en!isted and non-
rated officer respondents with less than four years service, and rated officers
with less than six years service (because of the longer service obligation for
flight training. rateo personnel with under six years service were considered
first termers).
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F1rUR[ 4

Comparison of 14ean QOAFL Satisfaction Levels for AF Officer and Enlisted
Personnel, 1977

Dissatisfied N|eutral Satisfied

Economic Standard C D E F

Economic Security

Free Time k

14ork

Leadership

[qui ty

PersonaI Growth -

Personal, Standing

Health

Enlisted ..... Officer-
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Figure 5 indicates that, while higher levels of career intent are associ-

ated with higher levels of satisfaction for all nine factors, Work and Economic
Standard appear to be the most powerful discriminators of career intent level.

Ft-IGRE 5

QOAFL Profiles for First Term AF Personnel by Reported Career Intent in 1977

Dissatisfied Nleutral Satisfied

Economic Standard

Economic Security

Free Tire

U.ork

Leadership

[qui ty

Personal Growth

P,rsonal Standing

ea I th

Ofinitelv do not intend to nake the AF a career
:' ~t likely willI not make the Air Force a career
'Un,!ecided
""ls t lIke! y will make the Air Force a career
'Definitely intend to nake the AF a career
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II DISCUSSION

The nine factor Air Force Quality of Life model has now been used in six

major Air Force surveys performed over a two year period. While there have
been some changes in mean satisfaction levels for the nine factors during
this interval, the basic correlation structure of the model appears virtually
unchanged. Use of the 1975 satisfaction data as a baseline, and continued
use of the model as a framework for Air Force opinion and attitude surveys
seems justified.

NOTES

1. Manley, T. R.. R. A. Gregory, and C. W. McNichols, Qallty of Life in the
U.S. Air Force, Proceedings, 1975 Military Testing Association Conference,
ndianapolis, Indiana, Sept. 1975.

2. McNichols, C. W., T. R. Manley and R. A. Gregory, Measuring the alit
of Life of Air Force Personnel, Proceedings, 1976 Ps ygi the Ai
ToC -ymposium. USAF Academy, Colorado, 6-1O April 1976.
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Measuring The Ouality of Navy Life

by

Richard J. Orend. Robert N. Gaines,
Kenneth W. Stroad and Marsha J. Michael*

INTRODUCTION

Ultimately. the military's interest in the quality of life reduces to two
basic questions: (I) will improving the quality of life bring increased
reenlistment rates and, by extension, greater enlistment interest, and
(2) how is improvement in the quality of military life related to the on-
the-job productivity of military personnel? If it can be shown that
significant improvements will occur in these areas as a result of
changes in the perceived quality of military life, then extensive re-
search efforts will have been vindicated. If. however, the results of
these efforts are simply nice to know information and "interesting"
correlations, the resources spent on this research might be put to
more fruitful uses. O, course, the eventual achievement of goals as
ambitious as increasing reenlistment rates and productivity requires
the cooperation of both researchers and policy makers, since the
findings of any research efforts must be translated into concrete
policies and implemented in real environments. Thus, researchers
must operate within the constraints of feasible r'ilicies and policy
makers must be wilin. to experiment and modify some traditional
Ideas and procedures if useful results are to be forthcoming.

Our purpose here is to examine efforts to develop the first stages of
this process, namely, the measurement of the quality rf military life.
There are two dis-nct elements to this development, conceptual and
methodological. Previous efforts to develop qualit" of life measures
in the military have suffered because they generally ignored the con-
ceptual aspects of the development process. The most important
implications of this omission are the failure to treat all aspects of the
quality of life which might be relevant to reenlistment decisions and
productivity and the absence of a means to evaluate the lists which
were developed. E~sentally, there was no basis to judge, !priori,
the inclusion of particular elements of life quality and there was no
structure to serve as a heuristir. by which aiOitional variables or
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dimensions could be evaluated. This led to instruments which ex-
cluded a large number of potentiality useful variables and to the mea-
surement of what were presumably similar concepts with rather
divergent indicators.

Another conceptual problem which has received insufficient attention
is the dicirion process by which percepticns of military life are
transformed into decisions about behavior. Of particular importance
there are questions about the relationship of job and non-joh activities
and the context in which decisions about reenlistment are made. That
context includes the alternative courses of action open to individuals,
the relative improtance of each of the factors in the quality of military
life. expeviences in the military, and the fulfillment of expectatious
about what military life would be like. Each of these factors can
Infler.ce an individuals' evaluation of military life, i. e, , its quality,
and decisions about whether to remain in the military.

As is evident from the ioregoing discussion the approach we follow is
very broad and is intended to include all factors which may influence
quality of life perceptions. This approach represents our initial
attempt to identify a broad range of variables which may influence
the behavior of rntlitary personnel and to examine interactona be-
tween perceptions of different aspects of military life, and between
those perceptions atid the context in which they are made, Our
particular emphasis oi all elenents of the military life situation does
not preclude narrow appi naches which focus on one or a limited num-
ber of the factors which we feel are relevant to the descussion of the
quality' of militAry life. * in thn. following discussion an initial atempt
on developing a general model will be described.

MEASURING TIHE OUAIITY OF LIFE: A CONCEPTUAL FRAMEWORE

The lessons learned, both from examining the theoretical and
methodological issues inherent in the previous research and from
Inspecting actual components of research instruments employed in

Work by David Bowers, which focuses on the job related aspects of
Navy life, is an example of the more restricted approach which
has produced useful results.

49



these studies, will be applied in the following to the construction rAf a
concer.tual framework applicable to the measurement of the quality
of Navy life. The process through which this framework will be
fachioned involves: (1) estabiishing a theoretical structure which
provides a rationale of life quality assessment; (2) identifying a set
of life quality factors which adds )ubstance to the theoretical struc-
ture; and 13) explaining how the resultant conceptual frimework
satisfies each requirement inherent in me;;-.ring quality of life.

A Theoretical Structure for Measuring Quality of Life: The
theoretical structure offered here for the measurement of life quality
has for its foundation the assertion that the quality of an individual's
life is a positive function of the degree to which the individual's needs
are satisfled. Thus. if nearly all of an individual's needs are being
met, then his evaluation or expressed satisfaction with the quality of
that life will be very high. If almost none of his needs are being met,
then the evaluation of his life qual;ty will be very low.

Based on the assertion above, the notion 3f quality of life here
receives its primary structure from its analysis into several need
categories. While a number of perhaps equally informative need
taxonomies exist.* the most commonly accepted and fre4uently em-
ployed sche:me of categoritation is that proposed by Maslow. ** Thin
analysis will follow an approach adopted by several other quality of
life studies by utili'.in catergories which reflect only slight deviation
from the pattern established by Maslow's need hierarchy. ***

C

On this point see Arnold Mitchell. "Life Ways and Life Styles"
(Menlow Park. CA: Standard Research Institute, 1973). p. S.

**

S,.o Abraham H. Maslow. "Motivation and Personality" (New
York: Harper and Row, Publishers. Inc., 1954). pp. 80-98.

Instances of studies which follow Maslow's categorization of needs
include Angus Campbell. "Aspiration. Satisfaction, and Fulfillment,"
The Human Meaning of Social Change. Ed. Angus Campbell an6
Philip E. Converse (N.w York: Rusell Sage Foundation, 1972), 441 -

466. and Patricia A. Pecorel'a. Predictors of Race Discrimination
in the Navy (Ann Arbor. Mich: Institute for Social Research,
University of Michigan, 1975).
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The four categories used will be termed: (1) safety and comfort;
(2) belonging anJ love: (3) esteem: and (4) self-actualization. It is
with respect to these categories, which serve as sub-scales of life
quality, that overall quality of life will be measured.

Having received primary structure form an analysis of its conceptual
contents into need categories, the notion of quality of life achieves
secondary structure when these categor :s are themselves analyzed
to reflect the logical distincti-.n which exists between quality of
life" and "quality of work." This distinction is based on the premise
that some different factors impinge on our lives in work and nonwork
situations and insofar as this condition exists our evaluation of these
life dimensions and the context in which they operate should be
separately evaluated. In the military this distinction may be some-
what less prononced because of the overall control exercised on
various elements of behavior, such as family separation and living
and working on post often with the same supervisors.

The result of this secondary analysis is a conceptual matrix which
permits assessment of both quality of life and quality of career with
respect to each of the need categories. Table I provides a
general rep-esentatiot, of that matrix.

Factors in Quality of l fe/Work: Furnis}-ed above has been a
theoretical Structure for the notion of life/work quality assessment.
The objective now is to supply a set of factors which may be utilized
as specific measures of quality of life/work. The factors may he
generated by tneagls of the. following procedure. First, the component
variables from each of the civilian and military related quality of
life/work shdies may be analyzed on the basis of their general
content and logically associated into groups of similar variables.
The crucial concepts common to groups of variables were then
isolated and identified as preliminary life/work factors. Next, to
this preliminary group was addrled another group of factors discovered
in an initial analysis of the need categories furnished by the theore-
tical structure. The resultant factor set. which is composed of 39
,elements. is illustrated in Table II along wvith corresponding
variables from the studies treated above.

The quality of life/worL factors set having thus been presented, an
observation with respect to the exhaustiveness of this set is in order.
In Table II. the factor set not only exhausts each of the variables
utilized to assess quality of life/work of the mill'tary related
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TABLE I

THE CONCEPTUAL FRAMEWORK

,LIFE WORK

Health and Medical Care Income
Personal safety Secure Employment
Living Essentials Rctirernent, Medical, and

Local Environmi t other Fringe Benefits
SAFETY AND Convenience Work Environment

COMFORT Job Convenience
Sufficient Resources to
Perform Job

Organizational Climate
Competence o f Supervisor

I Contribution to Corn- Interpersonal Relation-
munity and Society ships in the Work

BELONGING Social Life and Environment
AND LOVF Relationships Work Related Friend-

Relationships with Close ships
Friends Family Disruption

Relationships with
Nuclear Family

Self- Etteern Authority'
Freedom of Choice and Responsibility
Expre assion Occupation R elated

Equality Prestige
Freedom to Decide How

ESTEEM Work Should Be Done
Participation in Decisions
Affecting Own Future

Meaningful Work

Cognitive Development Skill Development
Affective Development Utilization of Personal

Recreation Skills
SELF Travel Opportunity for Advance-
ACTUALIZATION ment

Advancement on the
Basis d Merit

Interesting Work
Creative Experiencf-
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studies, but also includes 80 percent of the variables employed to
measure quality of life and quality of career in the civilian related
itudies. In this way. the factor set displays a clear s'nperiority of
extension over the various sets of life/work quality variables used
in the military related studies, and demonstrates a coverage of the
variables critical to quality of life and quality of work measurement
which is roughly equivalent to the more specializd civilian related
studies. Second, despite the degree to %hich the factor set exhausts
variables relevant t:, ht' zaa-,,sment of quality of life/work, it must
be considered a provisional set. This is because certain factors may
be added or subtracted from the set based on the results of empirical
investigation, conclusions derived from logical inspection of the
theoretical structure, or specific research requirements.

MEASURING NAVY GUALITY of LIFE/WORK

A RESFARC!! DESIGN

General App roach

The foregoing analysis provides a basic model for the study of the
quality of li',/work in any context. In the proposed model we focus
on the satifa-rtion of individuals with their m;'-tary (Navy) lives, in

both lifc and career sit'uations. An analysis built on this framework
can prov-'de the basis for a relatively -asy to adminster general test
for use with Navy personnel.

The focus of this discussion ts both substantive and methodological.
Substantively. we set k to specify some of the major problems con-
fronting the Navy in terms of general satisfaction of personnel. Our
concern is to first identiy the general factors which comprise the
total life space of Navy personncel, then to determine which of those
factors is most closely associated with behavoral decisions, specific-
ally the decision to reenlist.

Comparative Analyski.

One of the most important methodological considerations n this
recearch will be the use of comparison. That is, j*"- -ant to analy7e
satisfaction not just with the Navy per se. but in comparison with
what is expected in the civilian world, the standard against which
individuals will be evaluating Navy life. Certain aspects of the Navy.
e. g. pay, may displease everyone, but the relevance of a particular

perception beco'nes important only when there is an alternative which
Is perceived as both better ard available. T'hus, we expect to be able
to learn more about reenlistment decisions from a comparison of



Navy and civilian alternatives than from a Navy evaluatiOn alone.

Other Contextual Factors

In a similar vein, each of the other contextual considerations men-
tioned previously is potcntially important in the analysis of perceptions
of the quality of Navy (military) life. For example, a difference in
the perceived ability of the Navy to provide free choice in jobs vs.
civilian choice is important only insofar as that freedrcn is significat..
to the individual. Another more popular example is the question of
hair length. Most of the young men in the Navy feel that hair length
regulations are restrictive, more restrictive than in civilian life.
However. whether or not thic perception is important in a reenlist-
ment decision is at least partially a function of how important hair
length is to the individual. We shall call this particular contextual
consideration salience.

Another consideration is the set of expectations about Na,.vy service
enlistees brought with them. If I entered the Navy expecting to fly
airplanes and ended up chipping paint, it seems likely that I would be
greatly disatisfied with at least the work dimenclons of my Navy
career. While the discrepency may not be that large in mnost cases.
there are undoubtedly many instances in which the reality of Navy
life did not correapond with the expectations. At a minimum we
would expect that s%%ch considerations would color evaluatioy. of the
Navy in the specific area where differences occur. They cou)d

influence Navy-civiiia.a comparisons as well.

Still another part of the decision context is what actual experiences
individuals had whi:e they were in the Navy. By experience we mean
in the institutional sense, such as rating. propnrtion of sea duty, and
schooling, rather than the day-to-day interactions with peers and
supervisors. The latter type of experience will be reflected in the
specific variables evaluated by each individual and would not
necessarily be associated with such general characteristics as rating.
The formtr experiences are related to the constant impact of being
at sea or working a particular type of job. While the previous context
factors had to he measured and analyzed simultaneously with per-
ceptioni of quality of lift variables, these experiencer can be
evah.ted on a post-hoc basis by dividing respondents into groups
which exhibit each of the relevant characteristics.
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SUMMARY OF THE CONCEPTUAL MODEL

The foregoing discussion may be summarized a. follows:

(1) Behavior of Navy personnel with regard to a reenlistment
decision is a function of perceptions of Navy life modified by each
individuall, comparison of each variable to alternatives in civilian
life and to the importance of that variable in their hierarchy of values.

(2) The variables which exhibit potential signifigance In these
decisions may be identified through the use of a needs model which
specifies the areas which are likely to be important to various groups
of Navy personnel. Such a model helps to insure the comprehensive-
ness of the variable list and a systematic balanced approach.

(3) Beyond these basic considerations are such factor,, as
expectations, and Navy experience, which may color the perceptions
of individuals and thereby influence reenlistment decisionto.

The usefulness of quality of life research will depend on our ability
to account for each of these factors in a syste:.,mtic way. By sys-
tematic we mean to evtluate decisions so that the impact of each of
these factors can be identified and measured. From this base it will
be possible to generate policy which reflects the reasons for negative
evaluations of the Nav'y and the precise means to turn such evaluations
(and presumably behavior) around.
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"MEASURENENT OF LEARNED BEHAVIORS IN COMPETENCY

BASED LEADERSHIP TRAINING PROGRAMS"

A PRESENTATION

BEFORE THE

MILITARY TESTING ASSOCIATION

BY

DOROTHY VON K. PEPPER, ED. D.
WORTH SCANLAND, PH, D.

FOR MANY YEARS THE U, S. NAVY HAS BEEN ADDRESSING THE

PROBLEM OF TRAINING LEADERS, AS HAVE MANY OTHERS IN AND

OUT OF THE MILITARY SERVICES, THERE ARE THOSE WHO CONTEND

THAT LEADERS ARE BORN, NOT MADE, AND THERE ARE OTHERS WHO

TAKE THE POSITION THAT LEADERSHIP IS A DEFINABLE SKILL

WHICH CAN BE IDENTIFIED AND TAUGHT, AND THAT THE RESULTANT

BEHAVIOR CAN BE MEASURED. THE NAVY HAS BEEN IN BOTH CAMPS

AT ONE TIME OR ANOTHER, BUT AT THE PRESENT TIME HAS ADOPT-

ED THE POSITION THAT LEADERSHIP CAN BE DEFINED AS A LEARN-

ED BEHAVIOR, SUBJECT TO IMPROVEMENT THROUG4 TRAININGs AND

THAT THESE LEARNED SKILLS ARE MEASUREABLE IF VIEWED AS

COMPETENCIES. HAVING REACHED THAT CONCLUSION, THE NAVY,
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AND SPECIFICALLY THE CHIEF OF NAVAL PERSONNEL, HAS

COMMISSIONED MCBER AND COMPANY OF BOSTON, MASSACHUSETTS,

TO DEVELOP A COMPETENCY BASED LEADERSHIP TRAINING CURRIC-

ULUM WHICH CAN BE DELIVERED TO BOTH ENLISTED AND COMMIS-

SIONED PERSONNEL AT SEVERAL LEVELS OF SENIORITY, PRIMARI-

LY AT SCHOOLS ASSOCIATED WITH ENTRY POINTS INTO THE NAVY

OR INTO HIGHER LEVELS OF RESPONSIBILITY, IT IS THE PUR-

POSE OF THIS PAPER TO DESCRIBE THE METHOD BY WHICH THIS

TRAINING PROGRAM IS BEING DEVELOPED, THE McANS BY WHICH

THE LEARNED SKILLS ARE TO BE MEASURED, AND THE CONTRAST

BETWEEN THIS AND MORE TRADITIONAL APPROACHES TO TRAINING

PROGRAM DEVELOPMENT.

IN A PAPER APPEARING IN THE JANUARY, 1973, ISSUE OF

THE AMERICAN PSYCHOLOGIST, DR. DAVID C, MCCLELLAND OF

HARVARD UNIVERSITY TOOK UMBRIDGE AT THE CONCEPT SO PREV-

ALENT THEN AS WELL AS NOW, THAT INTELLIGENCE AND APTITUDE

TESTS ADEQUATELY MEASURED CAPABILITIES IN PEOPLE TO PER-

FORM CERTAIN TASKS OR JOBS. His THESIS WAS THAT SUCH

TESTS MEASURED, IF ANYTHING, CAPABILITIES TO PERFORM IN

AN ACADEMIC SETTING AT ACADEMIC SKILLS. THEY DID NOTHING,

HE CONTENDED, TO MEASURE THE ABILITY OF A POLICE CANDIDATE

TO PERFORM POLICEMEN'S TASKS, FO EXAMPLE. HE THEN WENT
O'N TO DESCRIBE THE CONCEPT THAT ONLY RANDOMLY SELECTED

SKILLS REQUIRED OF PERSONS WHEN PERFORMING THE DESIRED JOB
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COULD BE USED AS THE BASIS FOR A TEST OF APTITUDE FOR

THAT JOB. HE CALLED THIS METHOD 'CRITERION SAMPLING',

AND IT FORMS THE DATA UPON WHICH VALID PREDICTORS OF

FUTURE JOB COMPETENCY CAN BE ESTABLISHED. WHEN TESTS

FOR THE PREDICTION OF FUTURE SUCCESS ON THE JOB HAVE

BEEN DEVELOPED FROM SUCH DATA, THE VALIDITY COEFFI-

CIENTS HAVE RISEN FROM AN AVERAGE OF 0.33 FOUND IN THE

LITERATURE ON LEADERSHIP AND MANAGEMENT'SKILL CHARAC-

TER!STICS TO A MEAN OF 0,60. INASMUCH AS THE SQUARE OF

A CORRELATION COEFFICIENT YIELDS THE PREDICTIVE VALIDI-

TY OF A MEASURE, THE NEW JOB COMPETENCY ASSESSMENT RE-

SULTS IN A THREE-FOLD IMPROVEMENT IN THE PREDICTIVE

QUALITY OF THE MEASURE OVER PREVIOUS, TRADITIONAL MEANS,

THE NAVY HAS THEREFORE CHOSEN TO DEVELOP SUCH A SET OF

MEASURES TO DETERMINE THE LEADERSHIP AND MANAGEMENT

QUALITIES OF ITS NON-COMMISSIONED AND COMMISSIONED

OFFICERS. THIS IS PROBABLY AN APPROPRIATE TIME TO STATE

A DEFINITION OF oCOMPETENCYI AS USED IN THIS DISCUSSION,

FOR IT WILL APPEAR MANY TIMES, "OMPETENCY IS USED IN

GOAL OR OUTCOME OPIENTED TRAINING TO IMPLY THE KNOWLEDGE,

SKILLS, ABILITY, MOTIVES OR OTHER CHARACTERISTICS THAT

CAN BE DEMONSTRATED TO RELATE DIRECTLY TO COMPETENT OCCU-

PATIONAL PERFORMANCE, IN THE PROGRAM NOW UNDER DISCUS-

SION THE ASSESSMENT OF THESE JOB RELATED COMPETENCIES
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AMONG JOB INCUMBENTS IS BOTH THE SOURCE OF THE DETERMINA-

TION OF THE COMPETENCIES RELATED TO SUPERIOR LEADERSHIP

AND MANAGEMENT AND THE BASIS FOR THE MEASURES WHICH SUB-

SEQUENTLY ARE UTILIZED TO DETERMINE EACH STUDENT'S PRE-

AND POST-TRAINING STATE.

THE JOB COMPETENCY ASSESSMENT PROCEDURE MAY BE DE-

SCRIBED IN THREE STEPS, AS FOLLOWS:

1. THE IDENTIFICATION OF "SUPERIOR" AND "AVERAGEn

CRITERION SAMPLES OF NAVY LEADERS, IN ORDER TO ACCOMPLISH

THIS STEP, A SELECTED GROUP OF COMMANDING OFFICERS OF FLEET

UNITS WERE ASKED TO IDENTIFY COMMISSIONED AND NON-COMMIS-

SIONED OFFICERS ABOARD THEIR SHIPS WHO COULD BE PLACED IN

EITHER A "SUPERIOR PERFORMER" CATEGORY OR AN "AVERAGE PER-

FORMER0 CATEGORY,

2. THECNDUCT OF "BEHAVIORAL EVENT" INTERVIEWS.

THE OFFICERS AND PETTY OFFICERS IN THE SAMPLES TAKEN IN

THE FIRST STEP WERE ASKED TO DESCRIBE IN BEHAVIORALLY

SPECIFIC TERMS CRITICAL LEADERSHIP INCIDENTS IN WHICH THEY

HAD BEEN INVOLVED. THE TECHNIQUE OF BEHAVLORAL EVENT

INTERVIEWING, DEVELOPED BY DR. IMCCLELLAND OF THE MCBER

COMPANY, INVOLVES OBTAINING A NUMBER OF DESCRIPTIONb GF

WHAT HE CALLS "BEHAVIORAL EPISODES." FOR EXAMPLE, A PERSON

MIGHT BE ASKED TO DESCRIBE AN INCIDENT IN WHICH HE FELT
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PARTICULARLY SUCCESSFUL (OR UNSUCCESSFUL) AND THEN TO

DESCRIBE IN DETAIL THE EVENTS LEADING UP TO THE INCIDENT,

WHEN AND WHERE IT OCCURRED, AND HOW HE WAS FEELING AND

REACTING BEFORE, DURING AND AFTER THE INCIDENT. THE DIS-

TINGUISHING ASPECT OF THIS INTERVIEW TECHNIQUE IS THAT IT

ELICITS INFORMATION FROM WHICH ACTUAL BEHAVIORS CAN BE

RECONSTRUCTED INSTEAD OF ELICITING INTERPRETATIONS OR

RECOLLECTIONS OF GENERAL OUTCOMES,

3, THEMATIC CONTENT ANALYSIS OF BEHAyioRAL EVENTS,

INASMUCH AS THE OFFICERS AND PETTY OFFICERS INTERVIEWED

WERE SELECTED ACCORDING TO RATINGS BY THEIR COMMANDING

OFFICERS, AND OTHER CRITERIA, IT IS POSSIBLE TO COMPARE THE

"SUPERIOR" AND "AVERAGE" INTERVIEWERS IN TERMS OF THE CON-

TENT OF THEIR BEHAVIORAL EVENTS, THIS COMPARISON PROCESS

INVOLVES, FIRST, THE IDENTIFICATION OF CHARACTERISTICS OR

THEMES WHICH CAN BE DRAWN FROM THE RELATED INCIDENTS IN

BOTH GROUPS OF THE SAMPLE. THEN IT INVOLVES THE DESIGN OF

A SCORING SYSTEM WHICH WILL RELIABLY CREDIT A SET OF BE-

HAVIORAL EVENTS FROM AN INTERVIEW FOR THE PRESENCE OF THE

THEMES OR CHARACTERISTICS. THESE THEMES WHICH ARE PRESENT

IN THE EVENTS RELATED BY THE oSUPERIOR" GROUP AND NOT PRE-

SENT IN THOSE RELATED BY THE "AVERAGE" GROUP BECOME THE

COMPETENCY CHARACTERISTICS THAT ARE LIKELY TO LEAD TO HIGH

PERFORMANCE. ONCE IDENTIFIED, THESE CHARACTER STICS WERE

SUBSEQUENTLY VALIDATED THROUGH TWO DIFFER"-AT MEA'IS,
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THE THEMATIC CONTENT ANALYSIS FROM APPROXIMATELY t1031

HUNDRED CRITICAL LEADERSHIP INCIDENTS COLLECTED FROM

FLEET INTERVIEWS PROVIDED TWENTY-SEVEN RELIABLY DISTIN-

GUISHABLE LEADERSHIP COMPETENCY CHARACTERISTICS, AND

SUBSEQUENTLY DISTILLED DOWN TO FIVE MAJOR LEADERSHIP AND

MANAGEMENT FUNCTIONS, OR FACTORS. STATISTICAL SUPPORT

FOR THE DERIVATION OF THESE FIVE FACTORS MAY BE FOUND IN

THE MCBER AND COMPANY FINAL REPORT OF THE 'ANALYSIS OF

LEADERSHIP AND MANAGEMENT CUMPETENCIES OF COMMISSIONED

AND NON-COMMISSIONED NAVAL OFFICERS IN THE ATLANTIC AND

PACIFIC FLEETS." HOWEVER, BECAUSE THESE FACTORS FORM

THE BASIS FOR BOTH THE DETERMINATION OF THE BEHAVIORS TO

BE TAUGHT IN THE TRAINING PROGRAM AS WELL AS THE MEASURES

FOR DETERMINING THE EXTENT TO WHICH THE STUDENTS ACQUIRE

SKILLS AND COMPETENCIES THROUGH THE TRAINING, IT IS IMPOR-

TANT TO THIS DISCUSSION THAT THEY BE DESCRIBED, AND TO

SOME EXTENT DISCUSSED.

THE TWENTY-SEVEN COMPETENCY CATEGORIES, AS DIVIDED INTO

THE FIVE DISTINCT CONCEPTUAL CLUSTERS OR FACTORS ARE AS

FOLLOWS:

FACTOR I: TASK ACHIEVEMENT



NAVY OFFICERS REPORTED NUMEROUS INCIDENTS IN WHICH

THEY EXPRESSED CONCERN FOR ACHIEVEMENT, SET SPECIFIC

GOALS,# TOOK INITIATIVE TO SOLVE TECHNICAL PROBLEMS, OR

COACHED OTHERS TO IMPROVE THEIR PERFORMANCE. FIVE COM-

PETENCY CATEGORIES MAKE UP THIS FACTOR:

1, CNCERN FOR ACHIEVEMENT: OFFICERS EXPRESSED

A DESIRE TO "DO JOBS RIGHT", TO MEET STANDARDS OF EXCEL-

LENCE, AND TO ADVANCE IN THEIR CAREERS, AND FELT PROUD

WHEN THEY HAD DONE A JOB WELL.

2, JAKES INITIATIVE: OFFICERS DESCRIBED TAKING

PERSONAL INITIATIVE TO OVERCOME OBSTACLES IN ACCOMPLISH-

ING TASKS.

3. Si OAL: OFFICERS ARTICULATED SPECIFIC

(OFTEN MEASURABLE), CHALLENGING BUT REALISTIC AND TIME-

PHASED GOALS FOR THEIR OWN PERFORMANCE AND THAT OF THEIR

SUBORDINATES AND UNIT,

4, COACliU: OFFICERS DESCRIBED HELPING SUBOR-

DIITATES TO ACCOMPLISH TASKS MORE EFFECTIVELY BY PROVIDING

INFORMATION, "SHOWING THEM HOW", OR BY ENCOURAGING THEIR

PERSONAL DEVELOPMENT THROUGH TRAINING 'OR OTHER ENRICHING

EXPERIENCES,
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5, TECHNICAL PROBLEM SOLVING: OFFICERS, PARTIC-

ULARLY ENLISTED PERSONNEL IN TECHNICAL RATES, DESCRIBED

THINKING ANALYTICALLY IN SOLVING TECHNICAL PROBLEMS: OB-

SERVING DISCREPANCIES IN EQUIPMENT PERFORMANCE (PROBLEM

FINDING), REASONING DEDUCTIVELY TO IDENTIFY THE CAUSES OF

MALFUNCTIONS, LOCATING NEEDED RESOURCES, ANTICIPATING

OBSTACLES, AND ACTING TO CORRECT PROBLEMS,

FACTOR II: SKILLFUL USE OF INFLUENCE

OFFICERS DESCRIBED BEING CONCERNED WITH INFLUENCE

STRATEGIES -- PERSUASION, EXPLANATION, INSPIRATION, RE-

W.ARDS -- TO ACCOMPLISH OBJECTIVES AND MOTIVATE SUBORDINATES

TO WORK AS A TEAM; INFLUENCE SKILL IS AIDED BY CONCEPTUAL

THINKING ABOUT SHORT- AND LONG-RANGE IMPACT AND BY EMOTION-

AL SELF-CONTROL, FIVE COMPETENCY CATEGORIES WERE INCLUDED

IN THIS FACTOR:

1, CONCERN FOR INFLUENCE: OFFICERS REPORTED

BEING CONCERNED ABOUT INFLUENCING OTHERS ("I WANTED TO

CONVINCE HIM"), USING THEIR OWN POWER IN INTERPERSONAL

RELATIONS, AND BEING SENSITIVE TO THE POLITICAL FACTORS

IN COMPLEX SITUATIONS,

2. INFLUNCES: OFFICERS DESCRIBED ACTING TO IN-

FLUENCE OTHERS WITHOUT HAVING TO RESORT TO DIRECT ORDERS

OR THREATS, USING INFLUENCE EFFECTIVELY TO ACHIEVE THEIR
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ENDS WHILE MAKING OTHERS FEEL MORE EFFICACIOUS IN THE

PROCESS,

3. CONCEPTUALIZES: OFFICERS DESCRIBED A HIGH

LEVEL OF CONCEPTUAL ABILITY IN PROBLEM IDENTIFICATION,

SYSTEMS ANALYSIS, AND POLICY FORMULATION. THIS COMPE-

TENCY IS THE ABILITY 'TO SEE PATTERNS IN COMPLEX DATA,

SEPARATE IMPORTANT INFORMATION FOR UNIMPORTANT. DEVE.,3P

INTEGRATIVE CONCEPTS AND PRINCIPLES AND SUPPORT THESE

WITH SPECIFIC DATA, AND RECONCILE EXCEPTIONS AND DIS-

CREPANCIES, USUALLY WITH REGARD TO HAVING AN IMPACT ON

OTHERS OR O:N THE SYSTEM,

4. ITEAfBjuj: OFFICERS DESCRIBED ENCOURAGING

SUrCRDINATES TO WORK TOGETHER AS A TEAM, TO "BUY INTO"

SHAR~v j.41T OR C0H1MAND PERFORMANCE GOALS, AND TO CREATE

SYVBOLS AND EVENTS WHICH STIMULATED UNIT PRIDE AND IDEN-

TITY,

5. FIMU,: OFFICERS REPORTED REWARDING OTHERS

FOR GOOD TASK PERFOR,,AUCE TO INFLUENCE AND MOTIVATE SUB-

ORDINATES,

6. Si trn .I : OFFICERS REPORTED CONSCIOUSLY

CONTROLLING THEIR EMOTIONS, PARTICULARLY ANCER AND AFFILI-

ATIVE TENDENCIES, WHEN THESE EMOTIONS THREATENED TO INTER-

-ERE WITH THEIR ABILITY TO INFE' ECE OTHERS OR TO MAINTAIN

A.4 EFFECTIVE LEADERSHIP ROL%,



FACTOR III: MANAGEMENT CONTROL

OFFICERS DESCRIBED USING A STRAIGHTFORWARD MANAGEMENT

SEQUENCE OF PLANNING AND ORGANIZING, ISSUING DIRECTIONS,

DELEGATING, MATCHING PEOPLE TO JOBS TO BE DONE, MONITORING

RESULTS AND GIVING FEEDBACK IN MANY INCIDENTS, FIVE COMPE-

TENCY CATEGORIES WERE INCLUDED IN THIS FACTOR:

I. E LA i N RANIZU: OFFICERS REPORTED

IDEiTIFYING THE ACTIONS THEY NEEDED TO TAKE AT ONE POINT

:1 TIME TO ACHIEVE RESULTS AT SOME LATER TIME, SPECIFYING

PERSONNEL MATERIALS AND OTHER RESOURCES NEEDED, AND

PRIORITIZING TASKS TO BE ACCOMPLISED,

2. DIaf.-a: OFFICERS, WHEN THEY t)ID NOT INFLUENCE

SUBORDINATES, CLEARLY DIRECTED THEM TO PERFORM TASKS WITH-

OUT EXPLANATION AND IN THE ABSENCE OF PERSONALIZED THREATS

OR PUNISHMENT.

3. DELLaAJU: OFFICERS DESCRIBED CONSCIOUS USE OF

THE CHAIN OF COMMAV- TO GET SUBORDINATES TO TAKE RESPONSI-

BILITY FOR TASKS,

4, QPMUZES (PPLE-TASK): 'OFFICERS REPORTED REAL-

ISTICALLY ASSESSING PEOPLE IN MAKING PERSONNEL DECISIONS TO

ASSIGN TASKS TO THOSE INDIVIDUALS MOSI LIKELY TO DO THEM

WELL, AND IN MAKING TRADE-OFF" BETWEEN TASK REQUIREMIENTS

AND INDIVIDUAL. NEEDS (IN INAVY PARLANCE, "INTEGRATION OF MEN
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AND MISSION*),

5. MONITORS REAUL',: OFFICERS REPORTED MONITOR-

ING FOLLOWUP, CHECKING BACK TO SEE IF MANAGEMENT ACTIONS,

SUBORDINATES OR EQUIPMENT IN FACT ACCOMPLISHED WHAT THEY

WERE EXPECTED TO ACCOMPLISH IN A GIVEN TIME PERIOD.

6. RESOLES CC)FLICTS: OFFICERS DESCRIBED tEGO-

TIATING OR MEDIATING INTERPERSONAL DISPUTES TO A SUCCESS-

FUL RESOLUTION, DEFINED AS A "WIN-WIN" SOLUTION, IN WHICH

BOTH PARTIES IN THE DISPUTE WERE RELATIVELY SATISFIED AND

NEIT:iER LOST A DISPROPORTIONATE AMOUNT OF POWER, STATUS OR

RESOURSES,

7. GivEs FEAc : OFFICERS REPORTED GIVING

SPECIFIC FEEDBACK TO SUBORDINATES ON THEIR TASK PERFORMANCE,

FACTOR IV: ADVISING AND COUNSELING

IAANY LEADERS AND MANAGERS DESCRIBED LISTENING TO AND

COUNSELING SUBORDINATES IN A HIGH PERCENTAGE OF THEIR CrIT-

ICAL LEADERSHIP INCIDENTS. COUNSELING INCIDENTS DEALT WITH

tOUR ISSUES: PERFORMANCEj DISCIPLINARY MATTERS, PERSONAL

PROBLEMS (INCLUDING DRUG, ALCOHOL, FINANCIAL AND FAMILY

DIFFICULTfES) AND CAREER PLANNING. FOUR COMPETENCY CATE-

GORIES ARE INCLUDED IN THIS FACTOR:
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1, LisI : OFFICERS REPORTED NOTICING WHEN

SUBORDINATES APPEARED TO BE HAVING PROBLEMS, APPROACHING

PEOPLE TO INVITE THEM TO TALK ABOUT ISSUES CONCERNING

THEM, OR BEING PERCEIVED AS APPROACHABLE (".,.THE BLACK

GUYS CAME TO SEE ME BECAUSE, TKEY SAID, THEY FELT I WAS

THE ONLY ONE THEY COULD TALK TO."),

2. UND..RS.AND: OFFICERS DESCRIBED BEING ABLE

TO "HEAR WHAT OTHERS ARE TRYING TO SAY" (ACCURATE EMPATHY

OR I14SIGHT INTO SUBORDINATES NEEDS, MOTIVES OR HIDDEN

AGEND~A) .

3, iA i.E: OFFICERS DETAILED THE ACTIONS THEY

TO0 TO HELP SUBORDIIATES IN COUNSEL.6G SITUATIONS, IN-

CLUDING GIVING ADVICE, MAKING TIOE AVAILABLE TO TALK

ACTING DIRECTLY TO "FIGHT FOR THEIR PEOPLE," OR MAKING

APPROPRIATE REFERRALS TO SOURCES OF HCELP (MEDICAL PERSON-

NEL, CHAPLAINS, DRUG AND ALCOHOL TREATMENT FACILITIES).

4. POSITIVE EXPECTATIONS: OFFICERS EXPRESSED

POSITIVE EXPECTATIONS OF AND REGARD FOR THE;R SUBORDINATES$

FACTOR V: COERCIt

;iAVY OFFICERS DESCRIBED CRITICAL INCIDENTS IN WHICH

THEY USED RANK OR THREATS TO MOTIVATE OTHERS TO ACT, EX-

PRESSED NEGATIVE EXPECTATIONS OF SUi,3RDINATES, DISCIPLI"JD

THEM, kCTED !MPUJLSIVELY, AN'D RESOLVED CONFLICTS BY FORCE
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OR FAILED TO RESOLVE THEM. FIVE COMPETENCY CATEGORIES

WERE INCLU3ED IN THIS FACTOR:

1. L : OFFICERS DESCRIBED USING RANK AND

BOTH GENERAL AND PERSONALIZED THREATS TO MOTIVATE SUB-

ORDINATES.

2. NEGATIVE EXPECTATIONS: OFFICERS EXPRESSED

NEGATIVE REGARD AND EXPECTATIONS FOR THEIR SUBORDINATES

("HE [3 NO GOOD -- THERE'S N;O WAY HE'S GOING TO MAKE ITM),

,. IIPLINES: OFFICERS DESCRIBED PUNISHING SUB-

ORDINATES BY GIVING THEM NEGATIVE FEEDBACK, POOR FITNESS OR

EVALUArION REPORTS, OR USING STANDARD JCIMJ PROCEDURES.

4, CIS IMPULS1VELy: OFFICERS REPORTED EXPRESSING

THEIR EMOTIONS WITHOUT INHIBITION -- PRIMARILY ANGER ("I

BLEW 'iY STACK AT HIM") AND OCCASIONALLY AFFILLIATION ("MY

BUDD,ES HAD TO COME FIRST").

5. EAwstIfJaOLVE CONiCTS: OFFICERS DESCRIBED

SITUATIONS IN WHICH THEY DID NOT REACH "WIN--WIN" RESOLUTIONS

OF CONFLICTS, EITHER BECAUSE THEY RESOLVED CONFLICTS BY

UNILATERAL FORCE OR BY AVOIDING DEALING WITH THE CONFLICT.
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CONSTRUCT VALIDATION FOR THESE FACTORS AND SUPPORTING

CATEGORIES IS AVAILABLE IN THE LITERATURE, AND FOR THOSE,

WHO WISH TO PROBE DEEPER INTO THIS ASPECT OF THE COMPEIEN-

CIES, THE MCBER REPORT MENTIONED EARLIER CITES THE RELE-"

VANT REFERENCES$

AFTER THESE COMPETENCY FACTORS AND CATEGORIES WERE

DERIVED FROM THE ANALYSIS OF THE DATA GATHERED FROM THE

INTERVIEWS IN BOTH THE PACIFIC AND ATLANTIC FLEETS, THEY

WERE CROSS VALIDATED IN FOLLOW-ON INTERVIEWS IN BOTH

FLEETS TO DETERMINE THE EXTENT TO WHICH THE CRITERIA COULD

DISCRIMINATE BETWEEN "SUPERIOR" AND "AVERAGE" COMMISSIONED

AND NON-COMMISSIONED OFFICERS DRAWN FROM EACH FLEET. THE

FIRST FOUR FACTORS, THAT IS, TASK ACHIEVEMENT, SKiLLFUL

USE OF INFLUENCE, IKANAGEMENT CONTROL AND ADVISING AND

COUNSELING, CLEARLY DISTINGUISHED BETWEEN THE TWO CATEGORIES

O.F OFFICERS AND PETTY OFFICERS, ALTHOJCH THE FACTOR CALLED

COERCION FAILED TO SO DISCRIMINATE, IT APPEARING EQUALLY AS

A CHARACTERISTIC OF 0ZH "SUPERIOR" AND "AVERAGE" PERSONNEL.

PERHAPS THIS IS AN APPROPRIATE PLACE TO ADDRESS THE

WUESTION OF THE DIFFERENCE, IF ANY, BETWEEN.JOB COMPETENCY

ASSESSMENT AND JOB/TASK ANALYSIS. ITWOULD SEEM THAT THEY

BOTH ACCOMPLISH A COMMON RESULT,..THEY PROVIDE A DATA BASE

FROM WHICH INSTRUCTIONAL PROGRAMS AND ACHIEVEMENT MEASURES
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MAY BE DERIVED, AND THEY PROVIDE A MEANS BY WHICH WE MAY

PRIORITIZE SKILLS AND KNOWLEDGES REQUIRED FOR THE SUCCESSFUL

ACCOMPLISHMENT OF A JOB SO THAT WE MAY PLACE OUR TRAINING

RESOURCES WHERE THEY WILL DO THE MOST GOOD. BUT THERE ARE

ALSO SOME VERY IMPORTANT DIFFERE14CES BETWEEN THEM, IT

SEEMS TO US, AND THESE SHOULD BE UNDERSTOOD. FIRSTLY, AND

MOST IMPORTANTLY, JOB/TASK ANALYSIS PROVIDES INFORMATION AS

TO WA. MUST BE ACCOMPLISHED IN ORDER TO PERFORM A SPECIFIC

TASK OR JOB, WHEREAS JOB COMPETENCY ASSESSMENT PROVIDES

INFORMATION ABOUT HO TO GET THE JOB DONE IN THE BEST AND

MOST EFFECTIVE FASHION. SECONDLY, WHILE BOTH ADDRESS THE

COGNITIVE DOMAIN, JOB/TASK ANALYSIS DEALS PRIMARILY WITH

THE PSYCHOMOTOR DOMAIN WHILE JOB COMPETENCY ASSESSMENT DEALS

PRIMARILY WITH THE AFFECTIVE DOMAIN, AND THIRDLY, JOB/TASK

ANALYSIS MOST OFTEN CONCERNS ITSELF WITH TECHNICAL MATTERS,

WHILE JOB COMPETENCY ASSESSMENT CONCERNS ITSELF WITH NON-

TECHNICAL MATTERS.

As WE HAVE DISCUSSED BRIEFLY, THE JOB COMPETENCY ASSESS-

MENT FUNCTION HAS PROVIDED US WITH A DATA BASE UPON WHICH TO

CONSTRUCT THE CURRICULUM FOR THE TRAINING PROGRAM IN LEADER-

SHIP AND MANAGEMENT SKILLS, IT HAS ALSO PROVIDED US AT THE

SAME TIME WITH THE DATA BASE FROM WHICH TO DEVELOP INSTRU-

MENTS FOR THE MEASUREMENT OF PRE- AND POST-TRAINING SKILLS IN

LEADERSHIP AND MANAGEMENT.
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THE DEVELOPMENT AND PACKAGING OF A SET OF ASSESSMENT

INSTRUMENTS TO MEASURE THE COMPETENCIES IDENTIFIED AS THOSE

DISTINGUISHING BETWEEN SUPERIOR AND AVERAGE LEADERS AND

MANAGERS IS CALLED THE NAVY LEADERSHIP AND MANAGEMENT

SKILLS TEST BATTERY. IT HAS BEEN ADMINISTERED TO APPROXI-

MATELY ONE THOUSAND COMMISSIONED AND NON-COMMISSIONED

OFFICERS AT EIGHT LEADERSHIP LEVELS, ALTHOUGH AT ThE TIME

OF THIS PRESENTATION THE DATA ARE NOT YET AVAILABLE FOR

REPORTING, THE LEVELS AT WHICH THE BATTERY WAS ADMIN!STERED

WERE PETTY OFFICER, LEADING PETTY OFFICER, CHIEF PETTY

OFFICER, MASTER CHIEF PETTY OFFICER, DIVISION OFFICER,

DEPARTMENT HEAD, EXECUTIVE OFFICER AND COMMANDING OFFICER,

THE PURPOSES OF THIS TEST BATTERY DEVELOPMENT WERE AS

FOLLOWS:

1. 10 MEASURE tHE COMPETENCIES IDENTIFIED AS

DISTINGUISHING BETWEEN SUPERIOR AND AVERAGE NAVY LEADERS

AND MANAGERS,

2. To DEVELOP TESTS WHICH MLET THE AMERICAN PSYCHOL-

OGICAL ASSOCIATION PSYCHOMETRIC STANDARDS FOR RELIABILITY

AND VALIDITY.

3. To DEVELOP TESTS THAT ARE INAVY RELEVANT AND

FACE VALID,



I

4. To DEVELOP TESTS THAT ARE EASILY ADMINISTERED

AND SCORED

Now INASMUCH AS COMPETENCIES DESCRIBE ATTITUDES PEOPLE

HAVE OR ACTIONS THEY TAKE, INSTEAD OF WHAT THEY KNOW, TESTS

MUST MEASURE WHAT PEOPLE DO, NOT WHAT THEY KNOW. UNFORTU-

NATELY, MOST TESTS AVAILABLE HAVE BEEN DESIGNED TO MEASURE

KNOWLEDGE. So A NEW APPROACH TO THE DESIGN OF TESTS HAD

TO BE MADE, AND THIS WAS DONE UNDER THE GUIDANCE OF DR.

MCCLELLAND OF THE ICBER COMPANY, THESE TESTS HAVE THE

FOLLOWING ATTRIBUTES:

1, THEY ASSESS COMPETENCIES, THAT IS, THOSE BE-

HAVIORS THAT DISTINGUISH BETWEEN AVERAGE AND :UCCESSFUL

PERFORK ,ACE INVOLVED IN CLUSTERS OF LIFE SKILLS,

2. THEY SHOULD BE DEVELOPED BY EXAMINING THE BE-

HAVIORS OF PEOPLE EXHIBITING THOSE BEHAVIORS TO BE MEASURED,

3. THEY SHOULD TAP OPERANT AS WELL AS RESPONDENT

THOUGHT, THE RESULTING BATTERY ARE A COMPOSITE OF FOUR

TESTS WHICH WERE AVAILABLE IN THE MARKET, AND FOUR WHICH

REQUIRED DEVELOPMENT BY THE MCBER TEST DESIGNERS. TABLE I

IS A DESCRIPTION OF tHESE TESTS BY FUNCTION AND NAME, AND

INDICATES WHICH ARE THOSE AVAILABLE FROM STANDARD TESTS

AVAILABLE IN THE MARKET, AND WHICH ARE THE RESULT OF MCBER
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DEVELOPMENT. THE OUTCOME OF THE PILOT TESTS OF THESE

MEASURES, AND A MORE ELABORATE AND COMPLETE DISCUSSION

OF THE CONSTRUCTION OF THE NEW MEASURES MAY BE OBTAINED

FROM THE CHIEF OF NAVAL PERSONNEL IF DESiRED$

TABLE I

TESTS, THEIR FORMAT, AND COMPETENCIES TESTED FOR IN THE

NAVY LEADERSHIP AND MANAGEMENT SKILLS TEST BATTERY

TESTS WHICH EXIST

Ti EQLI COQMETENCIES

STRONG-CAMPBELL RATE YOUR PREFER- TECHNICAL PRO-

INTEREST INVENTORY ENCES ON A NUMBER BLEM SOLVING

OF DIMENSIONS

PICTURE STORY WRITE IMAGINATIVE CONCERN FOR A-

EXERCISE STORIES TO EACH OF CHIEVEMENT TA.ES

SIX PICTURES !NIT!ATIVE HAS

CONCERN FOR IN-

FLUENCE. HAS

SELF-CONTROL

ACTS IMPULSIVELY

I
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TESTS WHICH EXIST (CONTINUED

im EQRMA C0VEE CIES

WORK ANALYSIS EXPRESS YOUR WORK CONCERN FOR

QUESTIONNAIRE PREFERENCES ON A ACHIEVEMENT

SERIES OF STATE- CONCERN FOR

MENTS INFLUENCE

ORGANIZATIONAL DESCRIBE AN CONCERN FOR

CLIMATE SURVEY IDEAL WORK CLI- ACHIEVEMENT

QUESTIONNAIRE MATE FOR YOU BY CONCERN FOR

RESPONDING TO A INFLUENCE

SERIES OF STATE-

MENTS

IESTS WHICH WERE FELPEi

IE COMPETENCIES

LISTENING AND WRITE OUT ANS- LISTENS

COUNSELING, PART I WERS ABOUT TAPED UNDERSTANDS

VOICE EXCERPTS HELPS

AND ABOUT PIC-

TURES

LISTENING AND ANSWER QUESTIOVS "LISTENS

COUNSELING, PART II AFTER HEARING' UNDERSTANDS

EACH OF FOUR HAS POSITIVE

MONOLOGUES EXPECTATIONS
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TESTS WHICH WERE DEVELOPED (CONTINuED)

IESI EQ T COMET1ES
MANAGEMENT OF CHOOSE THE THREE INFLUENCES

PROBLEMS TEST PREFERRED RESPONSES TEAM BUILDS

OUT OF SIX RESPONSES DIRECTS (AUTHOI-

GIVEN FOR EACH OF TARIAN)

TWENTY SITUATIONS# RESOLVES CON-

FLICTS

COERCES

FAILS TO RESOLVE

CONFLICTS

MANAGERIAL GIVE EACH OF THREE COACHES

STYLE RESPONSES TO A SER- REWARDS

QUESTIONNAIRE IES OF SENTENCES A PLANS AND

PREFERRED NUMBER OF ORGANIZES

POINTS DELEGATES

MONITORS RESULTS

GIVES FEEDBACK

PUNISHES

PLANNING FIND THE MOST PLANS AND

EXERCISE EFFICIENT SCHEDULE ORGANIZES

FOR A SERIES OF

TASKS
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To SUMMARIZE, WE MAY SAY THAT FOR THE FIRST TIME !N
THE NAVY THERE HAS BEEN DESCRIBED THROUGH VALID RESEARCH

A SET OF COMPETENCIES, THAT IS, SKILLS AND CHARACTERISTICS, -

WHICH ARE DEMONSTRATA3LY CAPABLE OF DISCRIMINATING BETWEEN

SUPERIOR AND AVERAGE LEADERS AND MANAGERS AMONG NAVAL

OFFICERS AND PETTY OFFICERS, AND WHICH CAN THEREFORE BE

RELIABLY USED AS A DATA BASE FOR THE DEVELOPMENT OF TRAIN-

ING PROGRAVS IN LEAr' ,SHIP AND MANAGEMENT, INCLUDING THE

INSTRUMENTS FOR THi 'EJIREMENT OF ACHIEVEMENT OF THE

REQUIRED BEHAVIO, FOR tC:O LEADERSHIP AND MANAGEMENT IN

THE NAVY. THE BUREAU OF NAVAL PERSONNEL, THROUGH THE WORK

OF THEIR CONTRACTOR, THE "CBER AND COMPANY OF BOSTON, ARE

CURRENTLY DEVELOPING LEADERSHIP AND MANAGEMENT TRAINING

PROGRAMS AT A NUMBER OF ACCESSION POINTS AND GRADE LEVELS

OF NAVAL 'ERSONNELo AND THE IAVAL EDUCATION AND TRAINING

COMMAND, TO BE LATER CHARGED WITH THE RESPONSIBILITY FOR

THE IMPLEMENTATION OF THESE PROGRAMS, IS CAREFULLY MONITOR-

ING THE PROCESS$ INITIAL IMPLEMENTATION IS PLANNED TO

COMMENCE IN 1978.
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TESTING IN THE AFMET PROGRAM
Wallace Bloom, Ph.D.

Wilford Hall USAF Medical Center

Introduction: Premature termination of military service is
often c-used by psychological problems that existed prior to service
and led to poor emotional adaptation to military life. There has
been previous research towards the development of an objectively
scored questionnaire capable of discriminating between individuals
who will develop emotional or characterological difficulties during
training and those who will successfully adjust to military life.
Danielson and Clark (1954) studied a sample of 15,550 Army recruits;
Jensen's (1964) 82-item questionnaire had been given to 9,194 Air
Force recruits, and Plag (1962) used a 195-item questionnaire on
20,000 Navy recruits. LaChar, et al (1974) reported on a 1972
investigation of 14,804 male Air Force recruits and the evolution
of the history-opinion-interest from (HOI). Guinn, et al (1975)
concluded that the HOI has some practical usefulness as a rough
preliminary screening device. They recommended that use of this
screening device be limited to preliminary screening only and
that addition psychometric and/or psychiatric assessment be
mandatory before any personnel action is recommended.

A proposal for further research and developmant of a military
adaptability s..creening test was prepared in 1974 by Captain Charles
I. Bisbee, major George E. Hargrave, and Colonel John C. Sparks.
The research protocol desioned by the Department of Mental Health,
Wilford Hall USAF Medical Center, in conjunction with the $urgeoA,
Air Training Command and other ATC agencies, was implemented in
June 1975 and identified as AFMET (Air Force Medical Evaluation
Test Program). (Bloom, 1977a)

PHASE I: On the arrival day, each airman entering the Air
Force was qive: a psychological test. Those identified by computer
scoring as low mental health risks (approximately 93%) continued
basic training without further evaluation.

PHASE Il: By the first day of training, those not identified
as low-risk were called in for individual mental status interviews
with mental healtn technicians and additional psychtdogical testsare given. The reports of these interviews and tests are reviewed
by a senior clinical psychologist who determined which additional
trainees will now be identified as lo4-risk and did not require
further evaluation.

Presented at th, 19th Conference of the Military Testing Association,
October 18, 1977, San Antonio, Texas.
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PHAZZ III: Usually by the fifth day of traivir.;, those airmen
(approximately 2 to 31 of the trainees) not already identified as
low-risk were referred to the Mental Hygiene Clinic for further
evaluations. They brought with them reports of behavior observations
and comments from their training squadrons (ATC Form 582). Clinical
mental health interviews were conducted and additional psychological
tests are selected and given on an individual basis as necessary.
Those without serious problems were returned to duty, and the few
identified as being psychotic were referred to the hospital for
treatment and further action. Some showed evidence of specific
character and behavior disorders of such a nature as to seriously
impair military performance. They were referred back to their
training squadron commanders with recomiendations for administra-
tive separation with medical classification and behavior reports.
A few are recommended for referral to other special agencies. (See
Illustration 1).

1101: Phase I testing was limited to th6 original History Opinion
Inventory (HOI) composed of 100 items that the subject was to
identify as True or False as applied to him. Examples are: I
quit school because I was failing. I was active in sports during
high school. I have been in trouble with the police. I liie
hufiting very much. Marking was on opscan type answer sheets which
were scored by computer and the names and other identification of
those selected for further testing were contained in the printout
sheets.

In 1975, during the initial days of the project, it was
quickly larned that the HOI Adaptation Index cutoff sccre of
12 that had identified 12% of the sample in 1972 only identified
S of 1 in 1975. It was believed that due to the termination of
the Draft Law and other factors, the new recruits were scoring
significantly different that the earlier subjecta. The cutoff
score was reduced 4 points. 38,529 basic trainees took the HO
between June I and November 7, 1975, and approximately 6% were
identified for Phase II screening. (Table 1).

The HOI has two subscales. PEI (Emotional Instability)
consists of 18 scored items and the PDA (Drug Use Admission of
26 scored items. Nine of the items are critical on both sub-
scales. In November 1975, the test was reduced from 100 items
to 50 without changing or eliminating any of the scored items.
The five-page booklet was replaced by a one-page card which
could be aligned with the answer sheet to minimize marking
errors. The cutoff score remained unchanged.

On 1 October 1976, the AFMET program shifted from a Research
Project to a Standard Operating Procedure. The HOI test was givenafter the first day of training rather than on arrival. The train-

ees would have spent at least one night in their dorms, and met
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PHAZZ III: Usually by the fifth day of trainir,;, those airmen
(approximately 2 to 3t of the trainees) not already identified as
low-risk were referred to the Mental Hygiene Clinic for further
evaluations. They brought with them reports of behavior observations
and comments from their training squadrons (ATC Form 582). Clinical
mental health interviews were conducted and additional psychological
tests are selected and given on an individual basis as necessary.
Those without serious problems were returned to duty# and the few
identified as being psychotic were referred to the hospital for
treatment and further action. Some showed evidence of specific
character and behavior disorders of such a nature as to seriously
impair military performance. They were referred back to their
training squadron commanders with recomendations for administra-
tive separation with medical classification and behavior reports.
A few are recommended for referral to other special agencies. (See
Illustration 1).

1101: Phase I testing was limited to the original History Opinion
Inventory (HOI) composed of 100 items that the subject was to
identify as True or False as applied to him. Examples are: I
quit school because I was failing. I was active in sports during
high school. I have been in trouble with the police. I like
Auhting very much. Marking was on opscan type answer sheets which
were scored by computer and the names and other identification of
those selected for further testing were contained in the printout
sheets.

In 1975, during the initial days of the project, it was
quickly Larned that the HOI Adaptation Index cutoff score of
12 that had identified 12% of the sample in 1972 only identified

of 1% in 1975. It was believed that due to the termination of
the Draft Law and other factors, the new recruits were scoring
significantly different that the earlier subjecta. The cutoff
score was reduced 4 points. 38,529 basic trainees took the HO
betweon June 1 and November 7, 1975, and approximately 6% were
identified for Phase II screening. (Table 1).

The HOI has two uubscales. PEI (Emotional Instability)
consists of 18 scored items and the PDA (Drug Use Admission of
26 scored items. Nine of the items are critical on both sub-
scales. In November 1975, the test was reduced from 100 items
to 50 without changing or eliminating any of the scored items.
The five-page booklet was replaced by a one-page card which
could be aligned with the answer sheet to minimize marking
errors. The cutoff score remained unchanged.

On 1 October 1976, the AFMET program shifted from a Research
Project to a Standard Operating Procedure. The HOI test was given
after the first day of training rather than on arrival. The train-
ees would have spent at least one night in their dorms, and met
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their primary instructors prior to taking this test. During a few
trial days, it was found that the cutoff score of 8 points now
identified 22% instead of the approximate 6 to 7% identified from
June 1, 1975 to June 15, 1976. The cutoff score was raised to 11
points with daily monitoring to shift it to 12 when the quota might
be oxceeded.

MMPI: The selectees MMPI responses were marked on Optiscan sheets,
i----ine scored, and computer print-outs were returned a day later.
These print-outs were based on a program developed by LaChar (1974).
The consolidated data (Standardized Report of Interview (SRI) and
MM4PI) were then reviewed by a clinical psycnt]ogist who dotermined
wh'ich low risk" individuals warranted contiruation in training
without referral to the Mental Hygiene Clinic for further action.
The others were referred to that clinic.

Approximately 400 subjects were given MMPI's each month
(Bloom, 1977b). As the program continued, it was noted that a
significant number of airmen scored highly elevated MMPI T-scores,
often above 100, but were reported as within normal limits by the
interviewers. During the first two months of the study, many air-
men with these elevated MMPI scores, but low risk interview reports,
were referred to the Mental Hygiene Clinic. Further psychiatric
assessment there usually resulted in these airmen's continustion
in basic training. The MMPI norms used were based on the general
Minnesota normal sample (Dahlstrom, et al, 1960, pp 437-8). During
July, the MMPI's of 17 year-old airmen were recorded by hand using
the T-score conversions for basic scales without K corrections of
Minnesota Adolescents, age 17 (Dahlstrom, et al, 1972, pp 397-99).
Although extreme T-scores were somewhat less elevated than when
converted the traditional way, it was questioned whether these
norms iere appropriate. It was hypothesized that neither the
traditiondl adult nor adolescents, age 17 norms were relevant for
judging the MMPI responses of basic airmen.

Subjects: Both male and female recruits in basic training
squadrons were tested rather than the HOI selectees which might
have been a skewed sample. Entire squadrons were tested during
the period August to Octoier, 1975. Personnel came from all over
the United States. Data was obtained from 1152 males and 805
females.

Procedures: Standard MMP! booklets were used and responses
were marked on Opscan sheets for subsequent machine scoring.
Raw scores for each category were punched on IBM cards and the
data statistically analyzed by the Biometrics Division of the Air
Force Systems Conand. The analysis of variance for disproporti-
nate data using a general regression model was based on Graybill's
work.
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Results: The demographic composition of the Lackland popula-
tion reflected recruit criteria that each must be high school
graduates or pass a GED test equivalent. Only 3.4% of the men and
2.8% of the women were not high schcol graduates. 12.2% of the
males and 18.9% of the females had reported education beyond
high school level (See Table 2). Over eighty (801) percent were
*Anglo-Americans" 'Caucasian), and about ten (10) percent of the
total sample were OBlack-Americans. Further details are shown
on Table 3. Only two-percent of the men, but almost 3 percent of
the women were over 23 years old (See Table 4).

Meant and Standard Deviations oi Basic MMPI factors were
obtained for 1152 male and 805 female participants (See Table 5).
Comparisons with traditional MMPI norms for adults revealed
statistically significant differences in all scaled except Social
Introversion (0-Si). A second set of analyses between the Lackland
population and the norms of Minnesota Normal Adolescents, age 17,
indicated significant differences in almost all scales (except
Males: Lie, Depression, and Hysteria and except Females: Lie and
Paranoia).

Conclusions: Norms for purposes of comparison must be
relevant and will be meaningless or even misleading if they are
not based on groups of people with whom it is sensible to compare
the individuals we are psychologically assessing. Neither the
MMPI norms for Minnesota Adults nor for Minnesota Normal Adoles-
cents age 17, were relevant foz comparison with Air force Basic
Trainees.

The standard iMPI norms were not designed for use with a
young adult military population and characteristics cited by
Hathaway and Briggs (1957) follow:

VARIABLES LACKLAND MINNESOTA

Geographic National Regional
Age Predominately 17-23 Mean 33
Race Included minorities White
Education 12 or more Mean 9.7 to 10.0
Population

Male 112 11 to 345
Female 805 118 to 397

Note varied by scale

Tested 1975 1940

It was appropriate to establish new nortis based on these
individuals and this has beer done along with appropriate T-conver-
sions (Tables 6 and 7) and plotting charts (Illustrat'ons 2,3).
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From November 15, 1975 to April 1, 197 these Lackland MKPI

norms were utilized and along with a sentence completion test as
part of Phase II testing. The MMPI was not used from April 1, 1976
to June 15, 1976 and fewer unnecessary referrals were made to
Phase III, the Mental Hygiene Clinic. The AFMET 177 program doas
not use the MMPI for Phase II but it is used in some selected indi--
vidual cases at the Mental Hygiene Clinic for Phase III. Formerly
one out of six Phase III selectees were discharged and currenly

about one of three. The MMPI proved ineffective for Phase II teot-
ing.

BSCS; In November 1976, as part of Phase II interviewing the

B m Sentence Completion Survey, (BSCS) was given to facilitate
establishing rapport between the trainees and the enlisted mental
health technicians conducting the interviews. Initially intended
to serva as an icebreaker for the interview and to provide some
advance inlormation, it was found to take only about 12 minutes
for group testing. The results were read by the interviewer
before the trainee was seen and some key responsec were under-
scored and often referred to during the interview. The inter-
viewers later became interested In numerical scoring and were
instructed in identifying each response as positive, neutral, or
negative by categories.

This test (Dlom, 1975) purports to indicate both positive
n:id negativi aspects of attitudes towards: people, physical
self, family, psychological self, self-directedness, work, and
accomplishment in addition to identifying some irritants in each
subject's life. After a week the inter-scorer correlations were
about .90 with rarely more than 4 items scored differently than
by the instructor. After a month, it was rare for them to differ
on more than two of the 35 scored responses. Scoring time was
usually less than seven minutes. For comparison purposes the
sceres of random trainees were compiled. These mean scores and
standard deviations are in Table 8.

The 2879 trainees interviewed at Lackland AFB during Phase II
i,, the AFMET research program (January 1, 1976 - June 15, 1976) had:
x ciical record notes, a standardi7ed report of their interviews on
an opscan type sheet (SRI), a scored sentence completion test, and
in most cases (all those from 2 January 1976 to 1 April 1976) the
computer print-out of each MMPI. 2213 of these trainees were
returned to duty in their training squadrons while 666 were sched-
uled for further evaluations at the Mental Hygiene Clinic. As noted
on Table 9, the BSCS composite scores of the returned to duty trainees
averaged 8.8450 while that of those referred to Mental Hygiene Clinic
for further evaluation was -.0376. There were statistically signi-
ficant differences on each subscore betwees the group cleared and
those to be further evaluated. These differences as reflected in
the T-scores were so lar. e that the chances of bei:g accidental were
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less than one in a thousand. Of the 666 individuals referred to
Phase III, 522 who were subsequently returned to duty (RTD) had
an average composite score of .3008 while 114 who were discharged
had an average comosite score of minus 2.0364. The subscores
for attitudes towards physical self, self-directedness and work
were significantl7 different.

Conclusions: Of the psychological tests used in the program,
the EbI functioned about as well as predicted as it identified
approximately one-third of the basic trainees give n mental health
discharges. The other two-thirds were referred by the traininag
squadrons .irectly to the Mental Hygiene Clinic usually after the
10th day of training. The recommendations made about the HOI in
1975 (Guinn et al) are still pertinent with regard to need for
revalidation, special scales for a WAF population and its use in
combination with additional aptitudinal and biographic data avail-
able on all recruits.

The IMPI did not wrrk out in AFMET as a screening device at
Phase II level but with cvrrent Air Force norms appears to have
use along with other tests on a selected individual basis as
part of diagnosis in Phase I1.

The Bloorm Sentence Completion Survey proved useful clinically
as part of the Phase TI interviews ano assessment. Statistically
it Aifferentiated between groups of trainees who did or did not
require *urther evaluations and between those discharged or
returned to duty. Further research need be undertaken regarding
tht composite score of the seven subtests.

Additional research on the HOI is being conducted by the
Personnel Division, Headquarters USAF which has given a version
of the HOI to over 80,000 subjects at the AFIE etations and by
analysis of earlier Lackland data by the Humaa Repources Lab.
Further research to follow trainees through their enlistments,
identify those with early separations for mental health associa-
ted c&uses and compare their AFMET test scores, &till remains
to be done and the first of the AFMET subjects will not complete
their enlistments until 1979.

During the research year of the AFMET program (June 1, 1975
to June 15, 1976) 80,732 new arrivals were given the HOT throuqh
Phase I of the program; of these 5369 received Phase II interview%
and tests which resulted in 1331 being referred to Phase III for
further evaluations. Four hundred and forty-tour (444) of these
basic .rainees were discharged (including 79 by squadrons, 59 for
Wedical recsons, and 306 recommended by Mental Health Clinic).

During the operational period October 1. 1976 to October 1,
1977, reportedly 73,666 went through Phase I; 4918 were selected
for Phase II; and, 1054 were referred to Phase III. Five hundred
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and twelve (512) were recommenoed for discharge through the
Mental Hygiene Clinic (Phase III) and 308 Phase II selectees were
discharged by other aqencies before the AFMET actions could be
completed. Seventeen were discharged by the hospital for mental
health reasons.

The early Identification of trainees with significant psycho-
logical problems facilitated their return to their civilian lives
without Xurthur trauma due to military stress and to termination
of further Air Force investment in their training. It has boen
estimated that well over one million dollars has beer saved at
Lackland each year of the AFMET program plus further indirect
savings by curtailment of investments in technical school train-
ing for individuals who do not complete normal enlistments. The
AFMET program seems to have benefited both the USAF and the indi-
viduals.
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Table I
HOI SCORES FOR BASIC TRAINEES

Lackland Air Force Ba.e, Txa
June I to Novemltet 7. 1975

HOI, High Risk Cumulative Cumulative
Adaption Index Number Number Percent

12 and above 299 299 0.78
11 181 480 1.25
10 34? 827 2.5
9 557 1,384 3.59
8 (cut off point) 905 2,289 5.94

71,619 3.908 10,14

6 1,825 5,733 14.88
53.353 9,086 23.58

44.938 14,204 36.40
34.742 18.766 4b. 71

29,118 27.884 72.37

4.952 32,836 85,22
0 5.693 38,529 100.00

I94I m mn mn •



Tab',e I1.

AUGUST TO OCTOBE, 1975

GRADE CG@Lfrn HALE FfEALA

80 0 1 001
9 o3 0 0

10 9 .6 12 1.3
it 26 2.3 10 1.2
12 971 84.3 638 78,3
13 82 7.1 78 9,7
14 35 3.0 38 4.7
5 8 .7 9 1.1

16 17 1.5 17 2.1
Post Orad, 1 ,1 2 .2

TOTAL 1152 805

Table :it.

ETHN4IC IDM1YICATION 0f TA114ES, IACrIAXD MP SA)0'LA
AUGUST TO OCOBER. 1975

KALE M~ALI

AN.GO-AHZICANS 999 86.7 656 8115
BLACY.-WMCI 104 9.0 116 14.4
HISPAXIC-AMERICANS 33 2.9 2 0,2
cxtI 4TAL 12 1.0 22 2.7
OTHlR/tWW 4 A.9

TOTAL 1152 805
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T.ble tv.
AGE OF TRAINEES. LACKLAND MPI SAMPLE

AUGUST TO OCTOBER. 1975

AGE MALE FEMALE
-PRCE T tREaUlY UMET

17 1al 15.7 88 10.9
18 1is 44.7 272 33.8
19 201 17.4 128 15.9
20 102 8.9 82 10.0
21 68 5.9 55 6.8
22 33 2.8 35 4.3
23 28 2.5 41 5.1
24 16 1.4 25 3.1
25 8 .7 20 2.5
26 1 .0 21 2.6
27 0 .0 15 1.8
28-34 1 .0 23 2.9

TOTAL 1152 805
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TABLE VIll.

BLOOt SWIM COMIPLII1 SURVEY - ADULT

207 Basic Trainees - Lackland An, TX

July & August 1975

ITi ANALYSIS OF SVEN SCALES

SCALE HNE SCALE SCORES

HIL, U(SD

People -1.0483 2.0353
Physical Sel .8019 2.0699
Tant1y 1.1304 2.4978
Psychological Self .6j22 2,2618
Sel-Dlrectednees 1.9517 2.1440
Work .7874 1.8581
Accomplishment 1.5459 2.1325

I NTEX-SCALE CORRELATICKS

1 2 3 4 5 6 7

1 People 1.0000
2 Physical Self .1285 1.0000
3 Family .1704 .1723 1.0000
4 Psychological .2010 .3444"* .2124 1.0000

Self
5 Self- .2463' .2602* .1022 .4299"*  1.0000

Directedness
6 Work .1902 .1938 .0768 .2422 .3491"* 1,0000
7 Accomplishment .1285 .0387 .0084 .2407 .3966e*  .1817 1.00.

Z WNorE: *Significant at 52 level of confid".4e
"*Signtficant at 12 level of confideace
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TAILE IX.

ILOOK SERTEINC COMPLETIOW SURVEY SCORIS
USAF LSIC TRAINEES, LACILAND A73v TX

Jan 1, 1976 to Jun 15, 1976

ALL ITD mC t
-- a - 2879 n'  -. 22'13 . ..n - 66j

I ad 2 ad I ad

people -0.5922 1.9806 -0.3954 1.9232 -1.2462 2.0274 9.61
0*

Physical Self 0.6544 2.2540 0.9440 2.1750 0.3078 2.2447 12.71

Famly 1.2518 2.4717 1.4867 2.3862 0.4715 2.5878 9.03

Psychological Solf 0.032? 2.1665 0.3814 2.0597 -1.1261 2.1087 16.26
**

Self Directednesa 2.0597 2.1344 2.4550 1.9516 0.7462 2.1893 18.10
**

Work 0.9271 1.7902 1.1631 1.6627 0.1426 1.9665 12.15

Accomplimamsent 2.429 2.146% 2.8102 1.9118 1.2222 2.4223 15.52

NET S(OPIS 6.7437 8.8450 -0.0976

Phase IIs-RTD Phase I11-Disch 7 t

- d22 - i d 14 ad

People -1.2246 2.0271 -1.3509 2.0261 0.36,8 0.6056

Physical Self -0.2264 2.2621 -0.7018 2.1148 4.2645f 2,0650

Famlly 0.4982 2.5946 0.3421 2.5506 0.3054 0.5526

Psychological Solf -1.0960 2.1041 -1.2719 2.1246 0.3447 0.5871

Self Directedness 0.8,42 2.1722 0.2719 2.2096 6.5201 2.5534

Work 0.2372 1.9439 -0.3158 2.0101 7.5603 2.7496

Accomplishamt 1.2681 2.4629 1.0000 2.2084 1.1582 1.0723

NET SCORES 0.3008 -2.0364

o P ).05 .TD - Return to Duty
P >.01 MC - Referred to Mental Hygiene Clinic
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A WIJIGHTE.D SELECTION SYSTEM

Mr. M. eriwether Gordon
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to be significant predictors of the policy actually used by the Policy
Capture Board. These eleven were then submit ted to a process known as
Heirarchical Grouping (Hier-Grp),2

Hilerarchical 'Crouping Nller-Grp) is designed to reduce a set of
regression equations (also :'alled systems or criteria) computed from
proportional predictor surs of cross products matrices to a single
equation. In the procevss a to.xonocay of regression equations results,
based on the similarity between the systems. The Iterative process
begins with . given number of separate regression equations and, at
each ruccessive iteratio", forces s compromise equation to be substi-
tuted for two of the separate oystess. At each iteratian, a new
cluster of regression systemsu s fo: ed or an existing cluster is
enlarged so that, i.% the final step. all equa~tiontz form a single broad
cluster. The criterion for selecting the two eqvations is specified
at tOe start of the program and Is used i t every, step of the program.

Through the process of }iter-Grp, Human Resources Laborntory was
able to develop an v-quatton with the associated weights to be applied

• to each of the eleven key variables which when solved resulted In a
Quality Index Score (QIS) for eAch applicnnt.

Table 1 below shoui tho eleven variables w0th their respective

weighfts nnd a cooputation of a Quality Index Scor'e baseil on a mean
value for each vi.,inble and its percent of the total score.

TABLE 1

FY 79 WPSS AND 111F ELE'VEN VARIABLES

FY 79 WPSS

Variable Mean Wt Points Score

AFOQT-C 45.5 0. 1381 6.28 ( 8.4)
SAT 1045.2 0.0245 25.83 (34.5)
CPA 277.3 0. ]005 27.67 (37.2)

DET-C R 3.2 1.7975 5.75 7.7)
ASTIN" (Selectivity) 3.5 0.7172 2.51 (3.3)
JtA)rc-GPA 224.2 0.0130 2.91 (3.9)
~FQ-Q 47,0 0.0459 2.16 (2.9)

PROGRAM 0,6 1.5837 0.95 (1.3)
TECH-AU 0.4 2.5949 1.04 (1.4)
Nit RAN KED 36.6 0.0222 O.P1 (1.1)
DET-LAXK 14.7 -0.0870 -1.26 (-1,7)

Quality Index Score -74.83

2bottenberg, R. A. and Christal, R. E., An Iterative Technique
for Clustering. 01_ tria Which Rt~tatnsOptimum Predictive Efficiency,
WADD'-TN-30, AD 261 615. LAckland AFB, Texas, Personnel Laboratory,
Wright Air Development Division, March 1961.

3Astin, Alexander W.. Predicting Acade-mic Performance in CoiLe.,

The Free Press, New York, 1971.
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These variables were used in making selections for fall 77 ad-
missions to the advanced program (Professional Officer Course). All

selections were made or confirmed centrally at AFROTC, Maxwell AFB,
although the plan was to establlsh a Quality Index Score cut-off'
noint that would include about 80% of applicants who could be selected
at the Detachment level. Records of the remaining 202 would be submitted
to Maxwell AFB for ,rentr4l selection. This would insure that the best
of the low-scoring group would be selected overall rather than Just the
best at each detachment,

RESULTS

The results of the new system to date are encouraging. Subjectively,
the Detachment Comanders perceive the system as a ,Lluabhle tool for
assessing An applicant's potential for selection. Because of the
system's objectivity and face-validity, it has been readily accepted

by applicants for the program. A significant advantigi, of the system
is that for the firnt time selections are made on a quantified basis
that In stAndardixed on a national leve. AN a result, the competition
is truly national in scope. The Air Univesir.y oard of Visitors placcd
its approval on the system in its March 77 report when it wrote: "The
quality of cadets adnitted to the .unior a ,d senior year pro rams is

substantially enhanced by means of the complex Instriunents."t

The mean scores of those selected and non-aelected are po,*triyed

in Table 2 along with overall means, and merns by race and s'x. It

may be readily noted that:

a. Black applicants are encountering difficulty in the competi-
tion, largely becaune of their relatively low standazdized test scores.

b. The selectees are highest in Quantitative eptitude, as
measured by the AFOQT. (This it probably because of the large proportion
of science and technology majors in the group.)

4kir University Board of Visitors, Thirty-Third Meeting, 15 Mar

77. Min'utes and Report of Chatrmn, (D:. Arthur G. Hansen).
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TABLE 2

ALL AFROTC APPLICANTS

-Caucasian- --- black--- --- Other--- ---- Total---

Select Non-Sel Select Non-Sel Select Non-Sol Select Non-Sel

TOTAL APPLICAWTS 3835 313 333 211 134 28 4302 552

TECH APPLICANTS 1729 46 103 28 61 6 1893 80

2-YR APPLICANTS 1414 191 131 109 57 11 1602 311

4-YR APPLICANTS 2421 122 202 102 77 17 2700 241

MEAN SAT (OONV) 11O0.0 837.2 945.4 658.1 1052.0 777.5 1086.5 765.7

MEMN AWUQT-COMP 51.27 13.79 25.25 3.70 39.07 7.29 48.87 9.60

MEAN GPA 285.16 233,80 281.92 235.49 289.84 232.82 285.06 234.39

EAN AFOQT-QUAN 53.11 21.17 33.27 10.60 46.65 13.54 51.38 16.74

FEMALE AFROTC APLICANTS

TOTAL APPLICANTS 640 67 99 70 21 5 760 142

TECH APPLICANTS 150 2 17 7 4 1 171 10

2-YR APPLICANTS 352 56 53 39 11 3 416 98

4-YR APPLICANTS 288 11 46 31 10 2 344 44

MEAN SAT (CONV) 1059.9 160.4 887.1 626.7 1042.2 798.8 1036.9 743.0

MEAN AFOQT-COP 38.90 9.43 14.55 3.07 32.19 7.40 35.54 6.23

MEAN GPA 302.02 238.33 301.88 242,63 307.48 147.40 302.15 240.77

MEAN AW'QT-QUAN 43,71 15.57 2,!i.16 1,0.07 46.71 19.20 41.51 12.99
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TABLE 2 (Cont'd)

MALE AFROTC APPLICANTS

-- Caucasian- --- Black-- --- -Other-- --- Total--

Select Non-Sel Select Nn-Sel Selt.ct Non-Sel Select Non-Sel

TOTAL APPLICANTS 3195 246 234 141 113 23 3542 410

TECH APPLICANTS 1579 44 86 21 54 5 1722 70

2-YR APPLICANTS 1062 135 78 70 46 8 1186 213

4-YR APPLICANTS 2133 111 156 71 67 15 2356 197

MEAN SAT (CONV) 1108.0 830.8 970.0 673.7 1053.8 772.9 1097.2 773.6

MEAN AFOT-cOW 53.75 14.97 29.78 4.01 40.35 7.26 51.74 10.77

MELAN CPA 28..79 232.56 273.47 231.94 286.56 2;'9.65 281.39 232.19

MEAN AFOQT-QUAN 55.00 22.69 36.28 10.86 46.64 ).1.30 53.49 18.04
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There is some evidence of problems with the system as indicated
by the graph in Figure 1. The frequuncy distr'utior of Quality Index
Scores folls into the classic bell curve, risinL and falling in almost
perfect, stair-case increments until it arrives dt QIS 63--whieh was
the cut-off point. Ttere is a drastic rie in frequency just above

63 and an equally drastic drop just below it. Thereasor3 for this
asymmetry are not known; however, the cause is under ccntinued
analysis.

Figure" 3

FREQUENCY OF QUALITY INDEX SCORE

I4t4 for .iniN V

1hpl.otle C4 rtjt. q at

SW~~V* W' 0 f'.~ ~.C,tt br
#-t 00 9411fo

lullll ma o,
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!~

The rise in overall quality as a result of the first application
of the new systo is c!iarly dewnstrated ia Figure 2 The rise in the
Mean Officer Quality S.co-e from 4i.5 Alr Aci.demic Year 76-77 to 48.8 in
Academic Year 77-78 (.3 licnos) vas s3aller than anticipated but does
not tell tha entire stcry. ?Knve sigaificant is the redistribution of
frequencies within the groun resulting in a drop among those with scores
below 25 from 15.S% to 21.7%. Moreover, it is now certain that those
with low scorej remaining have other mitigating traits.

Figure 2

UPPER AND LOWER OQC QUARTILE
2 DISTRIBUTION + OVERALL MEANS

AY 76-77 (AS 300) OQC rJPSS SELECTEES AY 77-78
, - (AS 300) LESS DROPS

'9*1% 11) ~ I
1.82 90 26.0%

85

8o

70

30

201

15

5. 82 10 21.72

19.82 7.6%
01

AY 76-77 KFAN 41.5 AY 77-78 MEAN - 48.8
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Table 3 looks at distributions of eumulative Grade Point Averagen
for the VPSS selectees as compared to the AY 76/77 group. AS 300 further
reveals that the distribution of higher GPA's has increased while the
distribution of lower GPA's has decreased. This is clearly another indication
that the WPSS is enhaticing the quality of cadets who enter the POC this
falljor the AS 300 claas of AY 77/78.

TABLE 3

COMPARISCN OF GROUPED GPA DATA ON 76-77 ENROLLEES VS WPSS SELCTEES

76/77
AS 300 WPSS Selectees

f

3.75 - 4., 107N 3.5 205 4
3. - 3.74 36" ~ 5.431

3.25 - 3.49 283 21 9.1 445 10:
3.00 - 3.24 4:6e 14.1 669 16. )
2.75 - 2.S9 4112 1,5.9 679 16.4
2.50 - 2.74 563 18.2 680 16.4
2.25 - 2.49 510 16.5 576 13.9
2.00 - 2.24 420 13.6 430 10.4
1.75 - 1.99 92 3.0 97 2.3
1.50 - 1.74 17 .5 23 .5
1.49 ___5 .2 5 _.

30941 100 4150 99.9

In July 1977, a new selection board was conducted to test and vali-
date the findings ot the first board as applied through the system. Tite
sam care was taken to insure that board members were representative of
all 3spect% of thi AFROTC Program. Selections for the fall class had--
for the most part-already been made, but records of a representative
random sample of all applicants were furnished the board si if the
selectiois were yet to be made. The board members were not given the
Quality Index Scores but were gi'..n all the dath from which the scores
were coaruted. They were also given copies of the applicant's college
transcrIpts, and rAS's were allowed to provide a letter in the applicant's
behalf if they so desired. The findings of the board were again submitted
to regrossion)and Hierarchical Grouping (ilier-Grp) procedures.

54M, Norman H.; Hull, C. fladlai; Jenkins, Jean G.; Steinbrenner,
Karin; brent, Dale H., Statisttc.1 Package for the Social Sciences,
2nd Sdition, McGraw-ill Book Co., 1975.
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The new weights and the influence they exerted on the total score i.n
comparison wilth the old ones are listed in Table 4:

TABLE 4

FY 79 SYSTEM COMPARED WITH 77 REVALIDATION RESULTS

---- FY 79 WPSS ...... ....... 7" BOAR-----

2 2

VARiAplE Mean Wt Points Score Wt Points Score

AFOQT-C 45.5 0.1381 6.28 ( 8.4) 0.1698 7.73 ( 9.3)
SAT 1054.2 0.0245 25.83 (34.5) 0.0249 26.25 (31.5)
GPA 277.3 0.1005 27.87 (37.2) 0.0894 24.79 (29.8)

DET-CDR 3.2 1.7975 5.75 ( 7.7) 6.2485 20.00 (24.0)
ASTIN 3.5 0.7172 2.51 ( 3.3) 0.7614 2.66 ( 3.2)
ROTC-CPA 224.2 0.0120 2.91 ( 3.9) 0.0046 1.03 ( 1.2)
AFOQT-Q 47.0 0.0459 2.16 ( 2.)) 0.0378 1.38 ( 2..)
PROGRAM1 0.6 1.5837 0.95 ( 1.3) -0.2926 -0.18 ( -. 2)
TECIH-MAJ 0.4 2.5949 1.94 ( 1.4) 2.9,26 1.18 ( 1.')
Nir RANKED 36.6 0.0222 0.81 ( 1.1) 0.1126 4.16 ( 5.0)
DET-RANK 14.7 -0.0870 -1.28 (-1.7) -0.4152 -6.10 (-7.3)

The new wvights presented Bome anomalies and raised SoLe serious
problems. First, the draitic change in the influence of the Detachment
Co=.nnder's rating from 7.7X to 24.O7. seezed to amount to a complete
shift of policy ftom the f.st board to the second. Moreover, the
nw weight afforded the Dletachment Comander's rating wvs largely
drawn from the weights tireviously assigned to the SAT and GPA--mersures
more nearly vdtlid ncrs;a institutional lines.

Secotid, the slightly negative wvght assigned the 'Progrn ."
variabie seemed illogizal even though negligible. AFROTC can 1 a7dly
afford to penalize enrollees in Its fout-year progrars even by N1100ths
of a point.

For these reasons, AFROTC decided to adhere to the veights derived
from the firs: board and to ignore the findings of the second. The only
change will be to round the weights to twvo decinuvl places InsteAd of the
present four and to compute future Quality Index Scores to only two
decimal places. This will considerably simplify the computation and will
cause only a minimal change among thoe sele:ted. The modified system
to be imple-ented 1 November 1977 is displayed in Table
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TABLE 5FY 79 FOUR AND TWO DIGIT COMPARED

.. . 4 DIGITS ------- -- -2 DIGIT-......

VARIABLE Mean Ut Points Score Wt Points Score

AFOQT-C 45.5 0.1381 6.28 ( 8.4) 0.14 6.37 ( 9.2)
SAT 1054.2 0.0245 25.83 (34.5) 0.02 21.08 (30.4)
CPA 277.3 0.1005 27.87 (37.2) 0,10 27.73 (39.9)

DET CDR 3.2 1.7975 5.75 (7.7) 1.80 5.76 (8.3)
ASTIN 3.5 0.7172 2.51 (3.3) 0.72 2,52 (3.6)
ROTC-GPA 224.2 0.0130 2.91 (3,9) 0.01 2.24 (3.2)
AFOQT-Q 47.0 0.00459 2.16 (1.9) 0.05 2.35 (3.4)
PROGR&,M 0.6 1.5837 0.95 (1.3) 1.58 0.95 (1.4)
TECI-HAJ 0.4 2.5949 1.04 (1.4) 2.e'9 1.0 (1.5)
tNr RANKFD 36.6 0.0222 0.81 (1.1) 0.02 0,73 (1.0)
DET RANIZ 14.7 -0.0S70 -1.28 (-1.7) -0.09 -1.32 (1.9)

QIS - 74.83 QIS - 69.45

AFROTC will continue to monitoc and adjust the system as necessary.
The preliminary indications are encouraging, however, the real value of
the system will not be known for several years; when attrition rates
for U!F, misr111 school an( other tech schools can be compared with
accessions of new officers entvtlng active duty under these criteria.
AFROTC is sure, however, that this system will produce a better /Ir
F orce officer. 7he Weighted Professional Officer Course Selection
System represents an equitable and workable method of selecting future
Air Force offticer. The results to date indicate that improvements in
quality havve been anie.

I
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Military Testing Association Oonference

17-21 Otoer 1977
Fitnes Assesm t for Entry into the Service -

A wo Eed 9rd?

Denis M. Kowal, Car, MOC, Ph.D. and James A. Vogjel, Ph.D.
US Army Research Institute of Envirouental Medicine

Natick, Massahsetts 01760

7 e Armed Fooes are considering suplamtimi. the present entry
medical examination with an evaluation of physical fitness (stamina and
mucle strtngth). Thus, new enlistees would be required to met a
minim= standard for entry into the service plus an apropriate stan-
dard for particular job specialty assignments. Th.is ptrpsal is based
on the growing oncern for the high attrition during initial training
and the inability of sme enlistees to physicaly perfom teir military
Job specialties after assigrgent to their units. On the 'tM hand,
there is also a concern that additional screening at enlistmnt will
furtther aggrevate the anticipated shortfall in Amid Forces enlistment
requirements. In response to the above requirement, the US Army Pasearch
Institute of Enionetal Medicine has developed methodology for the

assessment of physical fitness (work capacity) that would be suitable for
use in Armed Forces Entrance Examination Stations. We now plan to eval-
uate the usefulnes of this fitnems test battery in a pilot study which
will de trmine ita ability to predict physical performance in the service.
our ultimate objective is to imrove our personal selection and classi-
fication procedres for entry into the services without sexual discrim-
ination.

our proposed physical fitness test battery includes the follwing
ccoponents: a) stamina (cudipul-moary eiuwa e or aerobic fitness);
b) mwcle strength of qper torso, trunk and lea; c) ntwale strength
encrance of uppr torso and trn*; am! d) coorination.

The selection of these masures was based on: a) their reliability
of nmasureent; b) face validity as ctmeuts involved in task per-
formance; c) simplicity and e~ae of meaurement; d) minimal equipment;
and e) suitability for poedicting actual ptrysical performance in the
job situation.

Stamna or aerctic fitness is measured with the use of a three load
stepping test to predict, mmxiiml xygen uptake from the exercise heart
rate response (1,2). The test crasists of stepping at a rate of 30
steps per minute at 3 of 4 possible step heights (depending on height
of subject): 4, 8, 12 and 16 inches. Stepping oontiues for 3 minutes
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at each ste!' and procseds immediately to tte next step without rest.
Heart rate is recorded electrocardiograpically with paper sti,*-omelectrodes and a criter with a digital meter display. The
heart rates at the end of each load are applied to a nomogram to pre-
dict mwmal oxygen uptake based an the near linear reltionsh.Lp bebmwn.
heart rate and oxygen uptake and the age-naaimal heart rate relation (3).

A device has been designed and built after the design of Amussen
(4) and Heimneen (5) which is used to make isometric strength meuures
of all three muscle gr previously mentioned. The device employs
cable tensiometm, a spring-tension device that indicates kilograms
of force placed on it by a c4bl attched beteen it and the muscle
group of the subject. For the uper torso (amclder-am) muscle group,
the subject is plaoed in a sitting position secured with a lap belt, and
grasps an overhead bar so that his elbow makes a 90 degree bond and tho
arm is parallel to the floor. The bar is connected to the cable tensio-
meter to record exerted force. For the leg muscle group, Vh 3ubject
reuains in the sitting position, and his legs flexal at 90 at the knee
with his feet pushing against a bar, also connected to a tensiometer.
For the trunk extensor muscle group, the subject stands facing an up-
right bar containiing a brace plate and a shoulder strap omected to a
tensiometer. The subject bernis back against the shoulder strap. All
three mscle group strengths ar recorded by having the subject exert
maximally (isometrically) for 3 seconds. Three trails are perfourv .

Muscle strength endurance will be measured with bent-leg sit-ups.
The maximal nuber of sit-ups that can be performed in a 60 sexd
riod will be recorded. Upper torso strength endtrance (shoulders and

&xma) will be tested with the flex-am hang. In this test t o twaximsn
time is recorded that the subject can hang suspded from a bar, with
their chin above th3 bar, hands grasping the bar.

Whole body or arm-leg coordination will be evaluated with a ladder
clinb test. The maximun nLmber of rungs traversed of a 10 foot vertical
ladder in 20 seconds is recorded.

A*1iticxal data to be collected along with the battery are:
a) body size and body fat estimation; b) physical activity history; and
c) a self reqxort on responses to demanding situations.

A pilot study to c.valuate this test battery will be conducted from
January to Ohm 1978 at the Training Center at Fort Jackson, SC. The
purpoee of the study is w: a) evaluate the ability of the propoed
physical FVta t:-st battery to predict ttmequent physical perforncL
during basic BT) arN advanced individual training (AIT); and b) which
can be used for MOB dsignment purposes (jcc profiling). Each cxxnent
of the battery will be evaluated for its predictive validity for the



criterion referc perf. The first criterion performance willbe the now Army Physical Fitnes Test which is administerers dur:Ui BT

and AMT. This is a 3 event test: 1 mile run, sit-ups, pxas-ups. 7he
second criterion Zovmz; o~sr onsists of the "z basic x! rn

soldiering tA*V: 5 mile road march, fig e m nt, 50 pon-50 meter
lift and carry, hand c.;rwd thrw, 75 meter crawl, 75 meter interupe
rash. Other data to be collected will include sic call incidec,
recycling and drop-out informtion and military -- meares.

The study desicn includes the initial evaluation of I0O new basic
trainees on the fitness test battery during the fill week of basic
training. Criterion perfonvn: ,mamur data will be ollectei as
thee individuals are follo through basic aM advanced individual
training. Ite Army fitness tost is performed at the middle and end of
BT and AIT. 7h* omon soldiering tasks will be performed at the end
of BT and AIT. Upon ompletion of the data collection, a xultiple re-
gression analyvis will be performed to specify the ombination of factors
(item on th, test battery) that best differentiate between successful
vs unsuiccessfi l individuals in DT and AT.

1. Haisman, M.F. Assessmet of the exercise capacity of young nen.
Ergoncmics 14:449-456, 1971.

2. Shephud, R.J. et al. Standardization of fibaximal exercise tests.
Bull. Wld. 1lth, organ. 38:765-775, 1S68.

3. Astrand, P-O, and K. Pbxahl. Textbook of %ork Physiology, New York:
Mtrav and Hil, 1970.

4. Amammse, E. Meamuwnent of muscular strength. Forsvaramed 3:152,
1967.

5. Hernanmn, L. Fitness, Iealth and Work Capacity: International
Standaris for Assesmwent. New York:Madil1an, 1974.
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Enhancing Quality Control in the

Testing of Military Applicants

M. A. Fischl

Robert M. Ross

U. S. Army Research Institute for

the behavioral and Social Sciences

ABSTRACT

This paper acknowledges that there are diverse sources of urror
which must be controlled in order for aptitude tests to have substan-
tial validity, discusses many of the sources, and describes a highly
cost-effective procedure for immediate verification of the veridicality
of operational test scores.

INTRODUCTION

There are both lasting and temporary, general and specific, charac-
teristics that cause the aptitude test score an individual attains to
vary from his theoretical true score. For putposes of prediction in se-
lection and classification through the use of testing, all reasons that
would increase this variance over a group may be considered error.

Such seai-permanent influences as the ability to deal with instruc-
tionu on tests, or general examinee strategies for answering test
questions, vary widely with individuals. The services have used several
means as attempts to reduce er'ror attributable to this "test wisenass".
Instructions are easy to understand and are targetcd to low levels of
reading ability, ane -ample test items md sample instructions are pro-
vided in an information pamphlet intended to familiarise everyone con-
cerned with the nature of the test.

Temporary influences on test scores may also affect measurement. A
person's physical and emotional condition, and the physical testing
onvironment may cause variation from true scores. To reduce these tem-
porary effects that add to measurement error, care is taken to excuse
from the testing session persons who are clearly ill or excessively
fatigued, or persons who are disturbing others; and there are regula-
tions that prohibit testing long hours without breaks or testing in places
without proper conditions of lighting and temperature.



Scoring und recording errors occur either as transitory human

errors or, at tines, as semi-permanent conditions when, for example,
an undetected malfunction develops in equipment used to score Lrd.
Generally the variety of scoring aids now used in hrmed Forces Ex-
amining and Entrance Stations (AIRES), including optical scanning,
provide not only error reduction, but time savings as well.

Another source of measurement error is test compromise. These
measurement errors, rather than being randomly distributed, usually
operate in one direction, to yield overestimates of qualifications.
Although compromise probably does not affect the measurement of very
large numbers of enlistees as could other sesurement errors, its non-
random character makes test security of great importance.

In the past, the most common moans of coping with test compromise

has been by use of alternatu test forms. There are two different types
of alternate forms, and they differ in cost of production and in the
kind of protection they provide. One type uses the same items, but
arranged in different sequences in different test booklets. This type
remedies situations in which the compromise has taken the form of ox-
amineea being provided with a key to the correct answers, but not the
content of those answers (for example: Ia. 2c, 3d, etc.). This type of
cospromise is believed to be relatively uncommon. The other type of
alternate test form is very such more costly to produce but also very
such more comprehansive in its protection. It consists of tvo tests with
similar (but not identical) content, matched in difficulty and other
statistical properties. The protection afforded is not just for cases
having the key, bit for cases having the full answers to one of the forms.
Both of the two typeL of alternate test form are now used in the tesot
quality control program of the servicss.

The parallel form approach provides reasonable protection, but at
an etrely high cost uf production. That appro,;ch also does not, in
and of itself, identify cases of suspect scores.

The present paper describes an alternative approach to test quality
control, one which involves animm test developwm.t costs as well as
minimum examining time on site.

APPROACH

The objective of this development was to provide an operational
tool to detect a substantial percent,ge of enlistment qualification test
compromise cases. The general stratogy was to capitualize on what is
known or can be deduced logically concerning the differential compro-
eise vulnerability of the various parts of the battery (ASVAS). and to
combine that information with known statistical relationships among the
subtests as as to "flag" highly unusual score patterns for subsequent
followup.



Operational exprience has shown that the main target for con-
promise has b*en the AT portion of the test battery. AMFQT has been
in joint services use the lon4est, for some of the services AFQT is
the principal selection standard, and the nature of its contents-
vocabulary, arithmetic problem, and geometric figures-are generally
the beat known of all military tests.

Within the APQT portion of the battery, experience has indicated
that, if compromise takes place, the compromise involves the vocabulary
items by far and away the most freqaently of all. This is not sur-
prising inasuch as vocabulary words are easy to remember and to look
up after the examination. The other two subtests do not lend themselves
to this kind of compromise; the arithmetic problems are relatLwly long
prose paragraphs and there is no readily available source of the right
answers as there is with a dictionary, and the totally pictorial test of
spatial relations is nearly impossible to compromise through memory, and
again, there is no "dictionary" available.

Given (1) that Word Knowledge may be the key ASVAB subteast compro-
mised, that (2) the other components are relatively hard to compromise,
and that (3) the psychometric relationships rmong these subteats are
stable and known: LIKELY COMFROMISE CAN BE DETECTED BY COMPARING DIS-
CREPANCIES IN SCORE BETW THE WORD XNOWL G SUSTEST AND OE OR BOTH
OF THE OTH. AMQT COMPONENTS (Arithmetic Reaoning, Space Perception).

UlPLI24D1TAT ION

The numeric values needed to begin to implement the logic of this
approach were derived from a national sample of 1,000 AFIES applicants
drawn in January 1976. These 1,000 cases were stratified on AFIQ to
conform t,, the standard mobilization reference population, and the sta-
tistics shown in Table 1 were obtained. As may be seen, the correlation
of ord Knowledge (WK) with Space Perception (SP) is 0.43. This means
that fairly sizeable score discrepancies betveen WK and SP can be ex-
pected just by chance. On the other hand, the correiation oi WK with
Arithmetic Reasoning (AR) is high enough to be usabLe. 0.68. la an
aside, the correlation of WK with the sum of AR and SP is no higher than
the W/AR ccrrelation and, if used operationally, obtaining the AR/SP

~sum would involve an extra hand computation at opational testing sit"s.

As a result, development focused on use of the WK/AR discrepance as
i being technically as sound, and operationally more feasible.

The Intention was to dewelop a procedure which wottld "flag", as
suspicious, cases in which the WK score excee*led the AR score by ore
than an expected number of points. The regression line of Al on WK
can predict the expected WK score from any AR score. The prediction
has tolerance bounds defined by the standard error of estimate of UK on
AR and the level of significance halp) selectd. A one - tailed
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TABLE 1

STATISTICAL ESCRIPTIJ OF AFT SOE S OF ASVAB-6

N = 1000 AFEES APLIC/ANTSESIE

I~~ IN JWMR~ 1976

CORI lATI4

1% S.D. WITH W K

W W?,,tEDtE c40, 30 ITEMS 17.5 7.5

ARI1llETIC WMtING (A), 20 ITEM 11.7 4,8 0.68

fSPACE PE.RCEPTIU! (SP), 20 ITEMS 10.,3 4.1 0.43

I STAIIN.R ErPh n I TE OF W ON AR 5.5
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alpbha eval of p s 0.16 (i.e., one sipma) was chosen in considtiation
of maximizing detectability for subsequent followup. Th4s resulted in
identifying 11 score points as the size of the IK/AR discrepancy which
would "flag" unusual cases. That is, knowing that WK and AR correlate
0.68, in a fair test a very emall perccntage of individuals (fewer
than 16Z) would be expected to exhibit a WK score 11 or more points
larger than their AR score. Those who do, must be considered unusual.

A group exhibiting the unusual score pattern, consists of two types
of individuals, (1) those for whom the abilities measured by the WK
subtest are truly well in excess of their abilities in the domains mea-
sured by AR, anO (2) these whose WK scores are artificially inflated
through some breech of test security. The next step then, Is to sort
these tyn.es apart.

The simplist way to sort the compromise cases from the genuine,
though unusual, ones, is to administer a 10-minute retest consisting of
known ecutra WK item , and to compare performance on the WKg retest with

performance on the original W:. For some of these, the original WK score
will replicate, plus or minus a calculable chance effect; for some, the
second Wk score will b& so much lower as to be virtwilly unexplainable
through normal chance variation.

Just as the initial screen utilizel the values shown in Table 1 to
define the critical WK/AR difference, values in the same Table plus those
in Table 2, were used to set the chance limits for the WK 1/NK 2 differ-
ence. For this step a relaLively low alpha level (pS 0,01) was set to mini-
nize the risk of false accusation and to identify cases virtually unex-
plainable by the hypothesis of chance variation. When raw scores are
converted to percentages so as to control for the different test lengths,
the critical (one-sided) difference of WK I minus WK 2 vas detemined to
be 26 points, and individuals exhibiting a larger difference are Idon-
tified ans most likely having received improper pretest assistance.

E14PIRI AL TEST

In the Spring of 1976 a sample of 111 enlistees who had be tested
with ASVAB-6 at AFEES was retested at the Ft. Jackson, SC, Reception Sta-
tion wLth AC9-73. ACB-73 contains WK and AR s, btests, and was the Army's
basis for computing AleT scores until replaced by ASVA-6 and -7 in
January 1976. At the time the test sample was drawn, ACB-73 was no
longer operational and, hence, its WK subtest could be lonked upon as com-
pletely secure.

The first step in the test was to calculate the one-sided difference
of ASVAB-6 WK minus AR, and to refer it to tha specified critical

ll1V:



TABLE 2

I STATISTICAL DESCRIPTION OF WD) nOU) S IST IN ACB-73

MR ATION WITH
tME OF ITEF P.AN S.D. PSVAB-6 WK

20 ii,8 4.6 0,76

STAAERR M OF ESTIIMTE OF ASVAB-6 WK ON A-73 WK= 3.0
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difference o! 11 points. j,-

The second step was to calculate the one-sided difference of
ASVAB-6 K minus ACB-73 WK, nd refer that difference to the specified
critical dixference of 26 percentage points. This procedure identi-
fied 11 oZ the 20, or 55%jas highly suspect compromise cases. These
and other iaportent relationships are sumarized in Tabla 3. As may be
seen, if 100% of the sawp.e had been retested on the secure WC, 23 cases
vould have been identified as highly suspect. Retest of only 18X of this
sample identified 11 of the 23, or 48%; that is, retest of fewer than
20% of the sample "caught" alst half of the compromise cass.

A final eapirical test was performed to assure wixiouu certainty
of the percentage of the input which would have to bn, retested under
the rule of WK-AR:- 10 points. It may be recalled that 10 points im-
plements an Alpha level of a littlb larger than 0.16 - i.e., a little
over 167 of thk population "flaged" f(c retesting - and one samplL at
Ft. Jackon, yielded 18Z so "flagged." In aid-1976, another sample of
AFEE3 data was drawn, of size 500, and the WK minus AR crit.erion was
agaiV applied. Results in this sample "flagged" 17% of the cases.

SU XARY ,U ID CONCLUSIONS

In recognition of the fact that the Word Knowledge aubtest is the
most vuln4rable to compromise of all t1he tests in the celection and
classification battery, a simplified procedure was developed to detect
WK compromise. The procedure has twc steps:

i.) At the time of scorisg rhe AFQT portion of the battery,
separate those papers in which the J1 raw score is lets that 15, and
the WK raw score in 10 or more points greater than tha.i AR score.
This step wili "flag", as potentially suspect, some 15% to 20%.

2) To only those "tlagged" ty step one, administer a 10-minute
Yetest consistiag of a completely secure WK, convert raw scores to
percentage corxect if necessary, and separate those papers in which
the W retest score is at least 26 percentage points lower than the
original "Y, score (checklist t ,bles can easily be prepared to accom-
pli~h all conversion* and all comparisone with critical 4ifferouces).
This combinaton of setps will identify, as highly sLapect, approxl-
mately h~l of all cAson oi likely rest compromise.

1 1 Actually tw modifications vere wdr. Ft: t for obvious admin-
istWsLive smphiW y, the I ioint cricical difference va .hanged to
1%). Socond, rogn.aAace a so had to be taken of the difference Ln to.t
lengrh betveen WK and AR. Thus, the full stateuacnt of the rule became
that the 'k score be ,.dar 15 and the d!fference ;e 10 polntc.
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PFMULT OF DPIRICAL TEST

iD"PLY f -AR PASSED W R(-AR MOTAL

Rur9 79 8

HIGHLYSUSRXTJ.

I UTAL 20 91 111
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Q1TY cUX IJ STEPS

4J SCORNS NT PARTS, IROUC FOR

AR < 15 NOW - AR 10

TO TIM~ ILRGD",r PJINISTER

~26 PEfftff- J01ff DFP W 1-W(2

o THIS Ci1ATI(I OF STEPS IEEJ{IFIES PJM'IOXTELY

MY (FNx' LIIEY Cw ISE~
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An alternaLive to the two-,step procedure is to administer the WK
retest to everyone and apply the rule of a 26 percentage noint drop.
This will detect twice the numbe of compromise cases, but at five to
seven times the coat (that is, retesting 1013 of AFEES applicants
instead of between 15 and 20Z).

Another alternative is to enlarge the requisite W/AR difference
no as to retest 10 percent of the Input. In cur Ft. Jackson sample,I this detected 30 percent of the likely compromise cases.

For any of these alternatives, tht conclusion uay be dravn that a
simple and cost-bneficial procedure for enhancing quality control in
the testing of allitary applicant* has bomn develored.
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EVAULJATIOt OF } E SVIB FOR PIM2ICUNG
CANADIAN mII YC 0L8 ATNRITN AND SZXXYM

CAPVAIN Pbbert W. WaIkr

Canadian Foro" Persomel Applied Research Unit
Toronto, Ontario

Intriu.uction

ecuicmnt and selection by an armed forz', owbined with
self-selection by the volunt-ering candidatis, tend to provide appLicants
to the military officer profession who ha e attitudwA c'mgenial to the
military etablishment. Nor~theless, candidates disenrol and fail from
militaxy colleges in sufficient nutWers to be viowed with comn 'by
military authorities. Such drop-cuts -prmnt failures in the
transition to officer status via the academies. The problem has beein
present throughout the existence of military colleges, however rwontly
the attrition rate has ben alarming. Padoay (1971) reported that. 33%
of an entezing class at West Point fail to graduate. SWWA reported a
254 attrition rate (Radway, 1S71) and Annapolis a 33% attrition rate
(Abrahwu and Neuarnn, 1973). Fonerly, the =ejor reasons were
acadmic, but have rtatly been motivational. Attrition is greatest
in the first yiar.

In Canada, the situation is worse. Classes entering the
Canadian Military C'llege system in the mid-sixties (1964-1967)
aproximated 380 cadets per year. of which aprcocinately 230, or 60%,
voluntarily c~sentcllod, failed or were released prior to graduation
(Officer CaLver Dev ,1pant ?lan, 1972). In the 1972-74 period, the
attrition rate for the Fbyal Military Collage was abixut 50%. As in
the American academies, the largest number of failur and resignations
occurred in the firs. year of sponsorship and were mainly motivational
disenrollees.

Kot of the cadets who leav the Canadian Military Colleges
before being, cxmissitwd can be classified as vluntary disenrollees,i icfailures and military failures. Comrely, within the

iipprzimte 50% of officer cadets who do graihwkte and are cmissioned,
varying degrees of military excellenco are observed and assewvAd during
tke training in the military colleges.

eivarch was ur~detaken to exam:e the usefulness of the Strongr 'ocati nai Interest Blank (SVI8) both for reducing the attrition of
military college cadets and for predicting military excellence of thooe
c vts retained in the systam.
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Rtention in the militar colLeges

Pleseardh on retention in the military coleges is only a uirall
portion of the total research on retention in the military. To
remit, owgrrehensive reviews of the literature aplicable to retention
in the military were published by Cul-ctssure (1971) and Tuittle and
Hazel (1974). Culclasure referred to exctazve research onducted by
n~aval personnel researchers wh evaluated the SVIB to determine its
efficacy in resolving retention. prcblani.

Abraham, Neumnn and Githens (1968a, 1968b) evaluated the
swxss of the SIB for selecting naval officer cadet applicants most
likely to rem~ain em active duty ber the minimaz obligatory periodl.
Their analysis yielded an emirical retention scale that had relatively
high validity, high reliability, and low fakaility. Neumnn and
Abrahas (1971) and Abrahams and Neim~m (1971) also evaluated the SVITB
as a predictor of career motivation, rrvtivational disrobolit and
aetc failure of naval offtimr cadets twxdergoing college educations
in civilian mniversities. Scales for ceach category of disenagarwmt
were derived that were acoeptadble for opesrational use.

The major socis of research an retention in a military college
are the three major nmrrican military acaemies. Additional research
has bcen cmwpieted in the Canadian military colleges. Throuftout,
aproaches and techniques vary, ref 1cc'-.ng the indepaidence of operations

mx*ng these institutions.

SVfIB to ditferentdat motivationial diswutollees and reninirg U.S. Naval
hzciew midshipmn folloing the initial, r taadmnic, t~l itary sumter
training proram at the academyr. Item analysis xvealed #. stars of
ite m., inc1ltdng sports, autwKa1y, leadership m ae thetic interests,
mom others, that differentiated the two groups. An wpirica1l scale

was devised to identify mtidshipmen mst likely to voluntarily. Uisewol.
Abrahams arid Neunann (1973) subsumtly validated the SVID for

of! naval acaiswj applicants. The resuits o'k this research clearly

wj snt ton eerheui n thav te Siesae vai rifcot of thed
shiie xess, atd sai rez on a it ried saerelsignificantl

scalesasigiiantly 1966)d icadetfingthoi nidte most kLkely?)

todienol Adiioalreenchcodute wthth SIBwa126lte

Lyirlm ew n ihn 190,trn n baa 1A



high school faculty ratings (M'augtahlin, 1971a, 1971b); personality
idif ftvsces (Cross and Cortez, 1971) ; vocational interests (Marron#

1971a); military att.itudes (4arron, 1971b); admission criteria (Butler,
1973, and Butler and Houstor, 1974); and adjustment reactions (U'sn,
1974). USAFA has a similar record of diversity in their research, e.g.,
adlustiment prob)Am (Lachar. 1974). In 1974, the Air Force acad
adrinistered the SVIB to academy aplicants, after which the naval
academy SVIB dis nrolment scale (from Abrahams and Neumann, 1973) was
scored. The reported results (fran peronal ommication) were highly
statistically significant in predicting voluntary resignations.

Published research on cadet attrition in the Canadian military
colleges has originated almost totally from Royal Military College:
high school acaumic mrks (Carpenter, 1969); personality factors (Ban*
1972, 1973; Carpenter, 1973, 1974); biographical questionnaire (Shields,~1973). The oonclusms were that the prediction of either distinction
or attrition was an elusive udertaking.

This omvrview of the literature on military college cadet
retention, excellence, and diewnljiment indicates that the area has been
investigated, but without great sucess. The single psychmetric
instrwent apparently most sucxcessfully employed in specific, military
envuirorts is the SVIB. Scales derived from its item bank have
predicted retention in the military coll*ge.

Method

The two aiis of this study were:

_ (1) To develop empirical scales frmn the item of th~e
SVIB to deter -ne their potential for predicting
vzcational stability (attrition or retention) and
vcational performance (ediocrity or exoellence)
in a military college.

(2) To test the validity of these empirical scales througha cross-validation study on a new sample.

Two saples of cadets ware used, one for vailidation procedures
and one for cross-validation. Tha first sample consisted of 400 cadets
who entered kyal Fklads ilitar College (rRMV), Victoria, B.C.,
Caravk in 1968, 1969 and 1970 with th e ,ectation of omplrstdng twoyears at t*C plus two years at oyal Military.College (W.), K"Lgstn,
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Ontario, Canada in order to graduate from JIC in 1972, 1973, and 1974
re pctivly. The second saple was 266 caets who entered RC in
1971 and 1972, expecting to graduate from *C in 1975 and 1976
respectively. All cadets ware ainistred the SVIB on entry.

The Instrumen~t

The Strong Vocational Interest Blank is an empirically derived
inventory deeloped by E.K. Strg shortly after World War I. In its
present form (Cappell, 1969), the SVIE for Men consists of 399 item
dram from several areas of life - ocu~pations, kadhl subjects,
m ussmets, kinds of people, work situatiotu, etc. There are 54
occpational scales, 22 Basic Interest scales and 8 non-occupational
scales in the SVIB.

Validacion Proceidure

In order to develop empirical scales that would discriminate
I between groups, it was first moessary to define referernce and criterion

.1oups. For the final status or disposition categories, the task was
not difficult. The 409 cadets in the validation sample were classified
as graduated on schedule (N-167), voluntarily disenrolled (K-104),
academically failed (N-37), and militarily failed (N-38). Fifty-four
(11.5t) of the swple did not fit into these categories and wer removed
frnm the analyris. In the onstruction of the scales, the graduates

aonstituted the reference grotp and oluntay dlienrollees or acadevdc
failures or military failures constituted the criterion groups, each in
Separate anlye.

For the scales constructed to discriminate excellence or
madiocrity in vcational performance, only those cadets reaching fou'th
yeawere used in the analyses. Performan e was assessed by academic
grades, military grades rnd cadet officer appointment leel. The
academic mediocrity/excI:ellee categories consisted of a referenoe group
with third class, pass or bderline academic grades (9'82) and a
criterion group with second and first class grades (N'88). The military
grades, determined by commissioned officers whse primary responsibility
was the care, managment and assesoment of squadrons of cadets, permitted
the classifi-,ation of cadets into mediocrity and excellence categories.
These consisted of a referc group with military grades of C-, C or
C+ (N-f18) ad a criterion group with grades of A or B (N"45).

The cwaet wing is partially self-regulated by a cadre of fourth
year cadets assigned to "cadet officer appointment" positions. The
cadet holding the highest position is called the Cadet Wizq Cozrnzr
(air force rank terminology) and wears five stripes or bars on his tunic,
hence holds a 5-bar position. Bar positions exist at the 5, 4, 3 and 2-
bar levels. Fourth year cadets tvt selected for cadet officer appointmets
receive no bars. Therefore, for the cadet officer appointment level or

4 "bars" categories, the referne group corsisted of fourth year cadets
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asigned 0 or 2 bars (N98) and the criterion group consisted of fourth
yur cadets assigned 3 or 4 bars (N-72). No cadets in the sairle
received 5 bars.

non2 ets in t ps m c literature
as to the apprpriate scale nth for scales intended for discr.,.nati
between groups. Too few its= (e.g., less than 40) reduce reliability
while too many itwme erasize chance differenos or create uwneoessary
redundancy (Campbell, 1971). Carqte1 suggested a scale length of not
ue than 100 item and preferably not less than 60, but if necessary,
a minimu of 40. In this project, to ensure that sufficient item
were ued while at the m time selecting only items that discriminated
between groups with prventage differences of acxeptable magnitude
(* 10%, Abrahwis and Nexmann, 1973), it was ccided that two scales for

each of the six criteria would be onstructed - a 50-item and a 75-itsm
scale. Therefore, 1. eipirical scales were onstructed.

The precise method for selecting and then weighting discriminating
ites has varial with now develoments and now instrzument in psydxmetrics.
In an exptioniaUy thorough investigation, Sands (1975) developed and
evaluated many item response weighting procedures. For the problew
adresed in his stuty, almost, all of the different waightivr methods W.
essentially the sm ability to differentiate between grtups. Sandssuggested, therefore, that the simplest p.rDcedures fo;r weighting =atize

to be used.

In this project, itm sing diffeences in percent responses
of k 10i between the reference ard criterion groups were identified and
given unit weights in the appropriate direction. The item were then
dimensionalized by weighting the opposite end of the item in the reverse
direction. The Indifferent response was weighted in the appropriate
direction (+1 or -1) if the percentaqe difference between the criterion
and reference group was about 10% or more. Otherwise, it was given a
weight of 0. Constants of 50 and 75 were akiec to the 50-item and 75-
item scales respectively to covert all scores to poitive_ values in
scale rangos from 0 - 100 and 0 - 150.

Validation of the cales was investigated by applying the scales
to the scale deveiopent sample. A cotarison of reference group and
criterion group scores for each scale yielded biserial orrelations
which indicated the scale's validity for predicting the particular
criterion being assessed. As well, e ectancy tables were constructed
to dowiuntrate graphially the mwgnitude of relaticrehips between the
sale soores and criterion variables.

Cros&-validation Procedure

s Ihis phase contituted a cross-validation study on a now

sple to test the validity of any relationships found above (i.e.,
validity generalization). The comparison of predicted and actual outcomws
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3in this now satl detenwxe whther the stircal wcale developmentmethod could be used to reduce attrition lossm in the military college

Results

Validation Phan

Ovirical scales. Table 1 provides descriptive statistcs for
the 12 pri=Ycal scale nsu . Same-named scales (in the order
listed in Table 1) of 50-itun and 75-item lengths correlated .950,
.950, .916, .951, .969 and .952, all p < .001, indicating that
onsiderable redundancy and little benefit resulted from the difference
in scale lengti.

Discriminating ity. The ability of the scales to
discrinat b the criterion groups and the reference qroups was
assessed by calculating biserial correlations as estimates oi the
relationship bbeten the scale scores, distributed cxtinumly, and
the criterion and reference grops, which together constituted a
didiotcuoj variable. Biserial oorzlations were used instead of point
biserial correlations (Abrahams and Nt'mann, 1973) since the variables
underlying the dictcumies were assmiad to be continuxus and normal
(e.g., a continum of predisposition t. voluntarily disenrol).

For all 12 scales, the biserial correlations were significantly
different from 0. Values ranged from .722 to .935, which indicated that
the scale scores were distributed significantly differently between
criterion and reference groups. These results ware not surprising,
howver, since the scales were being applied to the sae swple used to
develop them. This procedure artificially inflated the statistics,
reflecting a relaticvhip that could be expected to shrink in a
cross-validation sample.

The expctancy table in Figure 1 was prepared as an example todemxwmtrate graphically the magnitude of the relationships between the
salrs and the criteria. The expectancy table was construttd by dividing
the scale aorm distributions into quintiles and assessing these quintiles
as to their proportion of caw from the reference grow and the criterion
group. Figure 1 depicts the incroasing proportion of voluntary dis-
enrollees found in each quintile of the scale score distribution.~Following this exarple further, for the 75-iteh voluntary disenrolment
scale, voluntary disenrollees in the lowest through highest quintiles

constituted approximately 3%, 10%, 24%, 31% and 65% of the quintilee'
population. Only one of the twelve expectancy tables was presented here
since the trends were very similar across all scales.
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Cross-validation Pa

The ability of the empirical scales to discriminate between
criterion and reference groups in the cross-validation sample was
indicated by the nmgnitude of the biserial correlations. For 6 of
the 12 scales, the biserial correlations were significantly different
from 0 (Table 2). The t voluntary dismirolment scales possessed the
highest discrinminatiwg abilities, the two bars scales the next highest.
The two military performanc scales possessed discriminating abilities
that just redched significance. The bo academc failure scales, the
two military failuxe scales and the ths aoaderic performance scalef
failed txo discrimL-ate significantly between criterion and reference
groups. Table 2 contains criterion and reference grou means, biserial
coreletions and significance levels for all twelve scales. The
"shriv~ae" anticipated frcm applying the scales deveUVed in the
validation sample to the cross-validation saile did occur.

Due to several considerations not presented thooughly in this
paper (e.g., lack of discriminating ability as indicated Im expectancy
tables for military performance, the redundancy 1 n sralts in that
military perfomance scales and bars scales were essem-_.tially mea~ring
military sucess, the fact that the bars scale. were discriminating
better., etc.), the decision was vaie to drop thr! military perfonmane
scales from further consideration. This, ,, eaenoe, meant that, for
predicting attrition, the two vluntary .lisncolment scales would be
used and, for predicting ilitary x'c'Llence am-VVg graduates, the two
bars scales would be used. The e adctmucy tables for these scales are
preseuntcd in Figures 2 u-d 3.

t'or these four remairing scalez, Itan - scale score correlations
were calculated to identify those itams not contributing significantly
to the scale tntals. Itims not significantly correlated were rmvved
from the scales, prodtxing ro.v scales of shorter length (renaied VODI45,
W0)155, &S40 and MRS57 to reflect scale length). Biserial
correlations cal.cW)ted for thesw abbreviatd, "purified" scales
indicated that t 4 discrimirating abilities of these scales were not
significantly '(proved.

Ln the expectancy tables for the revised voluntary eisenrobwnt
wmles (Figure 4), all dist.'ibutions in all quintiles were within a fewpercentage points of the samN distributions before the scales were
revised (Figure 2). For the r-evised btr scales, the distributions !-n
the quintiles apeared slightly inpjrved in that the xtrteme cases (0 bm
,ind 4 bars) were better distributed across the quintiles. (Care
Figures 3 and 5).

Tests of internal consistency were conducted using split-half
r liahilitiw, to determlne if revising the scales through rv oval of
items not correliated with scale scores ha irt'oved the scalee. Forthe VOD145 and VOD155 scm-'"-.: co rreLat-i.n bewe test halves equalled
.478 and .582 that, when corrected with the Speu an-Bruwn formula,
equalted .647 and .735, p <.001, ompared to .592 and .567 before
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i FIGUR1E 2

LX ectencl Tubles Depicting Lika!be,)od of Volunta r" Diserrolment

Asociated wij Scre on the Volunt&r Disenrolment Empirical

Scalos Cross vaiidation
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FIGURE 3

Expectancy Tables Depictin Likelihood of Bars Asociated
with So)eb on the Bars Em irical cales. Crosavalidatio'
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FI101'AE 4
UExpectancy Tables Depicting Likelihood of Voluntary Disenrlmant

Apsociaed with Scales on the Hevised Voluntary Dasenrolment

Empirical Scal- -Cros.,validation
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i !FIGURE 5

EXpectancy Tables Depicting Likelihood of Bars Aenociated
with Scores on the Revised bare Empirical

Smles; Crosevalidaion.
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revision., It appered to be tie case that scale reliability was
iaprtm by the rcale revisions, as indicated by the reliability oo-
efficiets, however, the predictive validity of the scales did not
significantly change.

The potential advantage in using the scales for selection
could be exelified using the voluntary disenrohmnt likelihoods
otlin in Figure 4. Ih4ae candidates sooring in the top quintile of
the VODI55 scale were 4 1/2 times more likely to disenrol than
cmndidates in the bottom quintile. For Figur.e 5, cardidats scorJ ng in
the top quintile in the MAS40 scale were 3 tims more likely to
ai ve )-bar or 4-bar cadet appointmint than those sooring in thebobi uintle.

To identl fy the psychological traits underlying the differences
in &cale somr-s between criterion and referc groups, factnr analyses
of the scale ites ive conducted. A principal factors with Varimax
orthogonal rotations factor analytic technique (Nie, et al., 1975)
was carriad out with the items in the VODI and BAS scales. 1 factor
acconting for the largest peroentage (29.6%) of variance in the
voluntary disenrolment scale contained 8 items coxxied with artistic/
aethetic interests (e.g., art museumn ductor) which were endorsed as
"iad" by voluntary disenrollews. The second factor, containing 8
itau representing engineering/mxhanica1 interests (e.g., electronics
equipmet designer) arl the third factor, which irxludiz military
activities (e.g., military drill), both consisted of items that were
,vaponded to in the egative by .luntary disenrollees. The fourth
factor contined itms rufctbir acceptance of r xnfomity in
othe-s (e.g., like, as pecple, d yIreacnrs, beachoraxers) to which
volztavy disenrollees responded poeitvely. The fifth factor included
itam re senting military types (e.g., General of the Arey) to which
voluntary disenrollees responded negatively. Total variance accounted
for by t first five factors was 85.4%. In all, the candidates opting
for early disenrolbent appeared to have interests that were nore
artistic or aesthetic, less mechanical, less oriented toward military
activities and military people, and more liberal toward nonconformity.

The five clusters of itcms differentiating militarily
excellent csdets from mediocre cadets, aoording to the bars scales,
were all en&drsod more positively by excellent cadets than mediocre
cadets. Th* first cluster included soci l-artistic intere-tz %'c.g.,
dramatics, psycholqist) and the second cluster repres;ented athletic
and recreational leadership (e.g., athleti- director). The third
cluster involved social responsibilities (e.g., starting an activity)
while the fourth cluster consisted of item on teaching and directing
others (e.g., teach children, scout leader). The firal cluster involved
itens reflecting enterprising endeavours (e.g., stockbroker, corporation
lawyer). Collectively, these factors acmunted for S2.9% of the
variance, and indicated that cadets who excelled in the military college
system, generally, had more interests in aesthetic, athletic, social
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and~ aterprising activities, A Like to teach and direct otbers. The
ootrar apeared to be that mdiocre cadets had intervsts in mechanical
but Mot aesthetic areas, were less interested in athletics, were nore
reserved, ware not enterprising and preferred not to teach or direct
others. Hindsight allowied the observation that these factors basically
ientified the characteristics desired in a stron led er: artistic,
creative, flwd-ble orientation; physically active and irvlvedl
ectrr'wted and catable of infusing life into an organization; interested
in teachg or instructing othprs; and ossessing an enterrisinq ranerfand ability to influence others.

Conclusions

T7w arpirical r-Ales, developed to predict attrition or
retanti ao, and excellance or mediocrity for retained cadets, shwed a
stro )acity to predict. The scales designed to Srelict probsbilities
for voluntry di wnent did sucmessfully differentiate between cadets
who did voluntarily resign and cadets who stayad and graduated. As well,
separate scales differmntiated between mediocrity and exoelleno in

c d t perfonwn es indicated by the level of cadet officer appointent
boars) assigned in fourth year. This research s4Orts the ounclusion

that the SVIB is a valid predictor of military o0l1ege attrition or of
retention with excellent performanoo. On the basis of these results,
it is recamerded that the SVIB be further investigated for its full
potential to predict early dise-wolmit and !litary ce.ilenoe!
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Effects of Test Item Formata on
Difficulty and Reliability

David S. Vaughan, Capt., uSAF

MC Technology Applications Oter

and

William Fogarasi, SrA., USAF
USAF Occupational *asurem* Oenter

An extensive literature exists concrning constnrction, validation,

ard use of mental tests. In view of this fact, there is a surprising
lack of research concernixg the actual building blocks of objective
mental tests-test items. UMoan (1971) has pointed out that texts on
wasurement are filled with rules of thxt, for construction of test
items, yet little empirical research exists which validate these rules.
Only sparse Information is available concerning effects of violating
these rules for iter-writing or the strictness with which these rules
should be followed.

One aspect of test item ostruction which has received sme
attention in the I __-__ 1i itemr clueing. A multiple-choice itm
is cl's when structural or gramaticai f.-'lts aid unknowledgeable
exaninees to find the correct answr. Several qtudies have examined
gramnatical mismatches between incorrect ansrwti and the stem and items
in which the correct anmsr is much longer or shorter than the dis-
tractors (Board & Whdtney, 1972, and Mclobrris, Bron, Snyder, & Purzell,
.972, for example). The results ot this research have been inconsistent.

Rules crcerning test iten formats, such as those suggested by
Adkins (L974), have also received some study. Several investigators
hdve studied item which contain resxses such as "none of above" or
"all of above" (Rimland, 1960; Hughs & T:imble, 1965; Williamson &
HI*ins, 1967). Item containing alternatives such as these tend to
be more difficult, but do not differ fromt control item in other respects.
Furthermore, these results have been irxmistent. Board and Whitney
(1972) and Vitola and Cantrell (1961) have studied open-stan itemS-
item in which responses oplte the sten, as cont-asted with item in
which the stem is a gramatically camplete question. In both of these
studies, open-stem item were found to be mre difficult than closed-
stem item. Cieutat (1960) found that rote-ramory itm had both higher
reliabilities and validities tIan application item.

As can be seen, the research results ocerning format rules for
multiple-choice test itsms have been both sparse and inonistent. The
purpoe of the present study is to provide further information concerning
the usefulness of several rules that have been proposed for test item
formats. Four item-writing rules are examined here. These item formats
to be tested are (a) multifactor ittms-item in which the conect answr
contains several parts, (b) situational itema-- tms which require appli-
cation of knowledge to real-life situations, (c) negative items--items in
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which the exaninee must select the one incorrect answer, ratber than
ti one correct answer, and (d) open-stem items. Dependent variables

wined are item difficulty and reliability. For each item which was
onstructed to hav one of the experiental formats in this study, a
control item was written covering parallel content but which was single-
factor, rnositvAtional, positive, and closed-stem. Therefore, item
content was ccntrolled in tests of the experimental formats. This
&rign allowel a purer test of the experimental formats.

Method

Twenty-five four-alternative multiple-choice items were constructed
using each of the four experinwntal formats. The content of these itemwas general information in areas such as science, math, English, art,

and history. For each experimental itam, a control item was written
covering, as much as possible, the smui content. The control item
followed none of the formats to be tested. Instead, they were positive,
single-factor, cloeed-stem, and nonsituational. Tables 1 through 4
contain exanples of experimental and matching control item for each
format tested. Two 100-item test forms were compiled from these experi-
mental and control iterm. Each item appeared on only one form. The
experimental items for each format were divided evenly between thF, two
forms. An exrimental item and its natching control item always ware
placed on opposite forms. but in the savae sequence location.

Each test form was administered to approximately 100 airman who
hold grades betwen E-4 and E-6. The tests ware administered under
anonymous conditions. Therefore, no data is available concerning the
age, sex, or ethnic group characteristics of the samples.

4 OLat s

For each item, the difficulty %as conputed by determining the
proportion of airen who selectK1 the correct anser. Three reliability
estimates ware xriputed for each item. First, the point-biserial
correlation wias omiputed betwom the score on ewch item and the total
score for the test form on which the item appeared. Then each test
form was factor-analyzed. On each test form, an inspection of the
eigenvalues revealed discontinuities at 6 and 11 factors. Therefore,
varimax rotation was applied to both 6- and Ul-factor solutions for
each test form. Squared tailtiple correlaticms were used as commality
estimates. For each item, the factor was identified in each rotated
solution with which the item had the largest correlation. These
largest correlations were used as additicnal estimates of the item'
reliabilities.

Therefore, one difficulty three reliability estimates were avail-
able for each iten. For each experimental item format, an analysiz :,f
variance (ANOVA) was done with each of these four dependent variables.
The reliability estimates were squared before being analyzed. The unit
of analysis in these ANDAs was the individual test item. The indt
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variables were experimental vs control and test form. BecasI

experinental and cntrol item were matched on content but always
appeared on different forms, a Latin square design was used in the
ANOVAs. 11e layout of this design is illustrated in Figure 1. This
design permits both a betwen-groups test and within-groups tefts of
main effects for the two indepedent variables. Interaction effects
could not be tested with this design. Table 5 contains percents of
variance attributable to each effect for the various ANOVAs and
degrees of freedn. out of 48 F-ratios omputed in the ANOWs, only
ore was significant at the .05 level. Ths is probably a cha.ce result.

Discu-ssion anid (onclusions

Th1 present results indicate that no of the four test itemil formats examined influenc either difficulty or reliability, after

ditem content is ontrolled. Fraings of Vitola and Cantrell (1961)
c oncerin open-stem items and of Cieutat (1960) oncrnn applica-

~tion item were not repli(-ated.
The present results show that the four item formats tested

i should be neithex preferred nor avoided in order to control difficulty

or reliability. i ovr, the present results do not preclude the
possibility of forwat-by-aoxtent interaction effects on these depen-
dent variables. Same formats may be more appropriate for some content.
Furthermore, other considerations may dictate preference for or
avoidance of these formats in test construction. For example, situ-
ational itis may have greater content validity than rote memory item
and therefore might be preferred when content validity is important.
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Table 1

Sanple Tst Items - Multifactor

Experimenta Control

Ordinary table salt is made up of Orlinary table salt contAins
, what eleignts? which one of the following elemnets?

a. (hlorine and nagneolum a. Chlorine fI b. Potasrium and magnesium b. Fluorine
c. Potassium and oodi um c. Magnesiumi
d. ClorL-e and sodium d. Potassium |

if 2/y- , which of the fol- If 2x/4 - 10, what value for x
lowncx vales for x and y are is correct?
correct?

a. 10
a. x - 10, y- 3 b. 14
b. x- 14, y - c. 15
C. x 15, y -5 d. 20
d. x 20, y- 4

What state was the most recent In what year was the nmst
to enter the tnion, and in what recent state admitted to the
year did it enter? Union?

a. Alaska in 1959 a. 1958
b. Hawaii i', 1959 b. 1959
c. Alaska in 1960 c. 1960
d. Hawaii in i960 d. 1961
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Table 2

Sanp1e Test Item - Negative

IiI ExpIberimental Control

%hich one of the following animals which one of tie following aninwls
is Nor a verterate? is a vertebrate?

-- a. flumdMn blix a. octopus
b. Pattlema b. Starfish
c. Tfma fish c. E rtw=d. FArthor d. Rattlesnake

Vhich one of the following plays %hich one of the following plays
was NKT written by William was written by William Shakeseare?
Shakespeare?

a. Faustus
a. Pygmalion b. Pygmalion
b. The7ftest c. The T"ipest
c. Julius Caesar d. The Crucible
d. 7he Merohant of Venice

hich one of the following works Which one of the following works
of art: was NOT produced by of art was produced by Michel-
Michelangelo? angelo?

a. David a. The Mona Use
b. 1a Pieta b. Vemus De Milo
c. The Last StWer c. The last Super
d. The Sistine Ceiling d. The Sistine Ceiling
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Table 3

Smple Teast Itsm - (Aen Stem

i Expeimental control

ITe largest planet in our solar We planet is the largest in
systen is our solar aw'

a. Jupiter a. Jupiter

c. Uranus c. Uralus
d. Saturn d. Saturn

Suffrage is the right to Suffrage refers to what right?

a. petition a. To petition
b. armoeble b. To aswimble
c. worship c. 1o worship
d. vote d. lo vo)te

T prmkminant religion in Wat religion is predominant
Chile is in Chilo?

a. Fpiacopalian a. Episcopalian
b. Methodist b. Methodist

c. LWtheran c. Lutheran
d. Catholic d. Catholic
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Table 4

Suiple est Item - Situational

Experimental Contral

If a 15- ice bottle of dish- What is 1/15 of .9?
washing liquid cost $. 90, what is
the cost per ctzn of the liquid? a. .04

b. .06
a. 4 cents c. .10
b. 6 oents d. .15
c. I0 cents
d. 15 ocents

A student wishes to find infora- shat material is oontained in
tion in a library an the current the mderr' Guide?
state of the & in the U. S.
V4dch one of the followin sources a. Oxxnwaped novels
wou1d be =at useful in finding b. Fmious quotations
this infoniation? c. Definitions of words

d. Titles of magazine articles
a. An encyclopedia
b. The A~aders' Guide
c. The card cataloguo
d. An ecoomics textxxo

If a person planned a trip to %bat i, tJe official larguage
Brazil, what language oourse would of Brazil?
probably be nost useful to him or
her? a. Spanish

b. Dngish

a. E gli~h c. .arench
b. Spanish d. Portuguem
c. rrench
d. Portug%"se
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4

Table 5

ANDVA mults - Proportions of
Variance Attributable to Various Sources

Situatioal. cliff R1 R RU df

Between item contents .8403 .8379 .5856 .4806 25
item groups .0617 .0927 .0025 .0048 1
item within groups .7786 07452 .5831 .4758 24

Within item contents .0097 .0003 .0169 .0566 50
test form .0053 .0004 .0169 .0389 1
format (exp vs con) .,)44 .0000 .0001 .0177 1

Residual .1-500 .1618 .3975 .4628 48

diStfw rut R6 RUl df

Betwoeu item contents .9551 .7285 .6172 .6752 25
itam groups .0939 .0699 .0434 .0619 1
item within groups .8612 .6586 .5738 .6133 24

Within item contents .0003 .0069 .0642 .0190 50
test form .0001 .0049 .0642 .0187 1
format (exp vs con) .0002 .0020 .0000 .0003 1

Residual .0446 .2646 .3186 .3058 48

1

It 153



Table 5 (contimmd)

ArVA 1Msults - Proportians of
Variance Attributable to Various Souroes

tegtive diff Rl R6 R11 df

Between item contents .7067 .7191 .5578 .6440 25
item grou .0297 .0008 .0244 .0470 1
itms within grous .6780 .7183 .5334 .59)0 24

Within item zontents .0685 .0133 .0362 .0347 50
test form .0573 .0039 .0250 .0264 1
format (exp v-3 con) .0133 .0089 .0126 .0096 1

SFsidual .2248 2676 .46 .3213 48

?bitifactor diff R1 R6 all df

Betmen itern cvontAts .8591 .8671 .6100 .4963 25
item groups .0007 .0098 .0019 .0257 1
item wthin g.u .8584 .8573 .6081 .4706 24

Within item contents .0110 .0093 .0005 .0169 50
test form .0000 .0000 .0002 .0163 1
format (exp vs czM) 0110* .0093 .0003 .0007 3

Isidual .1299 .1236 .3900 .4868 48

*p< .05
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Figure 1

Analysis of Variance Design

Experivental ontrol

ontent 1 form A form B
itan content 2 form A form B
9 ~rowp•

c'ntent 13 form A foln B

ontent 14 form a form A
item content 15 form B fr m A

2*

cont t 25 fom B form A
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The purpose of this report is to define the components and analysis of
a mental measuremec.t model which may be used to analyze responses classified
in one of several categories of the Item of the measurement Instrument. Such
measurement instroments may be the usual tests or oxamiiattons (with extend"
rosj'lumo allrrnn# Ivet) or quasi lonnalrea. This situat ion lslo covers perform n ce
measurement when It Is desired to have extended catitgorius of correct or incor-
rect response.

To fulfill the purpose we first present some background material to the
approach we use to specify the model and its parameters. The method used to
estimate the parameters is developed as a genrtlization of a psychometric
estimation pro'.eduro, called the Frequency Ratio Method, devised b- tne author
for analyzinj the Binary Response Measureamnt Model. Applieations are suggested

and an example is provided.

II. SACXGROU1ID

2.1 lnfluence -)f G. Rsch, S. . WrIht ad P. 51tamers

After the publication of a now book by Rech (1960) on measurement
models, this work received little attention at measurement centers and univer-
sities of the U. S. exept at the State University of Iowa and the University
of Chicago.

Siowe Reach's work w uniqie, interesting, provocative, and
useful, consierable speculation as to why the book did not generate more atten-
tion is justified. The most spectacular aspect of Reach's modals vere their
specifically objective," features meania, for example, that a person's ability,

as estimated from his responses, is independent of the item used to measure the
ability, and the esaima s or difficulty of the Items is independent of the popu-
1ottons from which the persons are sampled. &rce, Wright succinctly refers to
Rascb Models with "Person free item measurement and item free person measurement."

The truth of this property has often been challetged, but most
challengers forget that these properties ore easily proved mathematically and
ire emirically true,

a. only if the data fit the emasurement model being tested, and

b. only -ithin measu*ment error of the statitti:s involved.

Py thought on this issue i that many of the readers of Rasch's
work aufferod from "Objctivity Shock' meoning that they did not consider
Specific Objectivity possible and put the book aside. Neither Professor Sen
Wright of thw University of Chicago vor Professor Paul blomers of the Univer-
3ity of Iowa were greatly bothered by this problem but did their ov3 research
in thia type of moasurement and encoraged PhD, candidates to do likewise.
This liadorship greatly popularized Reach's work in this country ,nd served to
develop it further. Wright alao taught courses on Roach Modelt at professional
meetings. Most of Wright's wort as well as that of his students dealt with
Asch's achtv mvnt test model whereas Blomer's students vwrked with that

modil as well as Roach's models for eeading speed and oral redeng a,,curacy.
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Wright and Panchapakesn (1969) developed an unconditional maximum likel4hood
estimation procedure and computerized the analysis for the lach achievement
model.

2.2 The Binary and Polychotomous Measuremnt odfis

In most achievement and ability tests and examinations, the
responses to the test item are classifled into one of two categories--either
"correct" or "incorrect." This circumstance leads to a setrological model for
analysis which ay be termed a "Binary Measurement Model" or 310. The 114 is
also called a dichotomous model. It is this model that Wright (1968), Ranch
(1960) and Noonan (1974) considered and provided different, but equivalent,

analysis for.

However, there are many other response situations that are useful.
and must be accommodated and analyzed. One of these occurs in achievement and
ability testing and gives rise to responses, classiffed by testees or psycho-
metricians, into one of several (r)2) categories. This situation naturally
occurs in performance measurement and in 2ttitude, interest, and motivation
surveys and in questionnaires. In such cases the Binary Response Measurement
Models (31M) are not appropriate and a generalization is required. It is our
purpese to defiue an analysis for such a model, called the Polychotomous
Response Measurement Model (PHN), in thir report. Shch models have been con-
sidered by nthers: Ranch (1961), Vogt (1971) and Anderson (1973). Andersun
has provided a successful computerized analysis of the PHN4. This used a new
and very complicated mathematical estimation procedure celled "Conditional
Maximum Likelihood." The approach used here is greatly simplified and is an
extension used by Moonan (1974) to analyze the INK. Vogt msde her analysis
vith unconditional maxims likelihood techniques, but indicated her approach
was not entirely successful (pellonal comunication). Resch did not carry
the analysis of the PHN very far.

2.3 The Process of Mental hetrolocy

We shall attempt now to outline the considerarions believed
inportant for dwveloping and analyzing a mental ,etrological instrument.

2.3.1 The Instrument Goal and Objectives

The first thing for the metrologist to do is to decide what
mental quality or characteristic of persons he desires to masure. Thia is
called his "metrological goal" and indicates the general property that the
instrument is designed to measure. Other related sub-characteristics intended
to be also measured by the sam device are called "objectives."

2.3.2 The Item and Their Functions

The measurement Instrument may be thought of as a kind of
large "hurdle," the uccess in surmounti3 of which by a person, measures his
skill at the task attempted. Rather than having one single hurdle it is
customary 'or the instnment to have severel, I, related smell hurdles, called
items, each if which Is designed to

4
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(a) elicit a piece of relevant information, knowledge or
skill, or

(b) provide an indication of an attitude, interest, opinion
or judgment regarding a problem, situation or circumstance related to the goal
and objectives.

Each item is assumed to have a property, symbolized by c(i), and called its
easiness (or difficulty, 1(1)), which characterizes the facility with which
the most favorable responles to these items are evoked from persons in general.
Occasionally an item parameter, called the index of discrimination, is used in
the uodel. Both Schlmidt (1969) and Wright (1968) have indicated that the use
of this index in the model is fatal to the achievement of objectivity, to we
omit its consideration in our system.

2.1.3 Iesposes - Free and Controlled

ach item has assoiasted with It, a single or set of 0 2
replies, called responses, appropriate to the problem or question posed by the
item. It is most efficient if these responses are indicated by the same
categories for each item. Achievement or ability measuring instruments usually
have Binary Categories such as

(a) Crrect and Incorrect; 3.2

(b) True and False R-2

(c) Yes and No ; l-2

(d) 3igat and Vrong ; 3-2
Instruments measuring affect usually have either Polychotomous or Binary

categories such as

(a) like, indifferent, dislike ; Rw3

(b) strongly agree, agree, undecided, dis&gree,
stronly disagree ; .

(c) approve, disapprove ; R-2

(d) True, false ; -2

(a) yes, maybe, no R-3

(f) vyionym, antonym, neither ; 3-3

(g) satisfactory, unsptiefactory ; R-2.

lospona.s to woo item types are called "Free" if this repy is uncontrolled
or not constrained in any way but may assume any form, character or specificity
including written or verbal phrases, or statements, or numerical calculations.
On the contrary, controlled responses imply a set of categories, the ame ornot for each item, into one of which the natural reply of the person to theitem may be classified or designated by the person or the psychometrician.
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The response categories are often ordered and assumed

ofdrbeo cl of correctness, appropriateness, oultabilitv', desireability

or some other quality appropriate to the goals and objective. Th's scale is
calibrated and a point for each response category is indicated by 0(r) r-l,R.

of he mpotane o ths asumtio inoursubsequent drvtosw eint
it separately from the text as

: the dichotomous model the 0(r) are considered to be the observables X(n,J)
0 or 1. Although this couid also be done for the polychotomous model where
X(n,i,r) represents the rosponse category related, wt do not choose to do so
because we wisht to Identify the responoe category parameters to be quantified
via analysis.

Early analysis In psychometrics routinely made the assumption
given by (1). Since metrology aodels were Aot employed their only reason for
assuming (1) was "convenience". There is, of course, a more profound and neces-
nary reason which we shall discover.

2.3.4 Person Parameters

gach person receives a "scote" (to be defined later) on

the instrument from which a vAlue, rdnO, of the characteristic being meaured,
mty be est1mated. The estimation of c*(n) fo~r persov n Is usually the single
purpome for the psyctwmetrician to administer the instrument to the person.
The ct(n) for some scores are non-estimi'U*. Were a person to receive the
"best or - rat" store that it is possible to achieve on the Instrumnent it would
not be appropriate to estimate a~ts) in either case because the instrument is
either two easy or difficult for stich persons and the appropriate u(n) is too
tincertain. Consequently we stssue' that

(2) u(n) for "Perfec." or "Prom" scores ir, non-estimable.

2.1.5 !'sjcbometrtc Models

We have noted the desireability of considering the parameters,

(a) Item parameters, c(i); -1,1

(b) Response parameters. 0(r);r - ,

(c) Person parameters, n(n);n - lN

A measurement model establishes a relation or relations
asont, the responses, X(n~i~r), and the parameters of the model. If r-.2'mR the
model is called a Binary Mesurement Model, lIMM. if 02 the model is called a
Polychotomous Measurement Model, Fist. Measurement modele are of varying degrees
of complexity and form, see Lord and Novick (1968), depot.ding upon the relations
assumed and the number and nature of the paraawter3 Involved.
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2.3.6 )el Analysip

The vwa urt-vt rmodeli torn ,:he be,6i for £:i , AtiwAte1(
of parameters desirad to 5: estt-ed arm foe making a statistici rc cf
Agreement between thv nole anr the x reonses. Model analysit *at'r etiaAfw.
the parameters and t nt-ag the agreegvant- The techniq'es for vaklng aneiviie of
measurement models tni;luted vaxioug statist'4l and nahemat!cla1 procedurcs such
as

(a) 1,4t squares

(b) conditionai and unconditional maxivup likelihood

(C) simple statistical anail de

(d) ans lyse of variance

(e) probability analysis, *nd

(f) algebraic -aialysis.

III. THE PULYCOTONOUS KEASURJ'NT M)DEL (Pt4)

3.1 Odds and Knda

The odds the person n will respond to item £ with response r is
defined to bo

n I.l,
(3) 0(n,,.r) - (a(n)c(i)).O(r) i l l

r - 1.l

The aun of the odds for that person to make a reapnose other than r on ite £ is

(4) O(n.ir) - O(n,i.k)
k

The idea of developtng meamurea.ent models in probabiliitic terms via expressions
for the odds of a specific response is due to Rasch (1960).

rom elam tary probaoility theory % know that if the odds for the
occurrence of an event 9 are a/b, :hen the probability of the vvent I is

(5) (1) a.
a+b

Now let I be the event characterized In our notation by (ni.r) and
conaider tht odds ratio

b O(ni,1)



As the ratio of odds that person n will make response r to item i
to the odds that he will make some other response to that item. The probability
of this event is, by (5), equal to

(7) PGO~,r) a i~ir 0nirl
0(n,i,.)

E O(n,ir)
~r

Thi4 is a fom.a often assumed by other workers for the PMI. "r could
have started hare to satisfy those purists who do not beleve we are jubitied in
applying (5) to (61 in order to get (7). It is more convenient to work vth
probabilities than odds because the calcultis of odds is not as well devel-1ped an
the Theory of Probabilities.

Note that our model is unidlmensional in the scnse that we do not
have a separate dimension of ability and easiness for each response category as
was postulated by Anderaon (1973), and Vogt (1971). Such a multivariate model
may be useful, upon occasion, but is difficult to interpret arad use in practice
so we do not uaploy it. Otir problem is difficult enough without such complica-
tions and we are content ot start with this assumption, rither than, perhaps,
tuike it In the end anyway. The uultivariate parameters may be expressed as

(8)ch, ta(n)I °(k) - a(k ) ani [r(i)] (k) - c(k)

which, in our model and notation, are expressed as

k t~i)
(9) In O~k _ t(k) -O(k)t(n) And in c(k) -0(k)t(t) t* k

Thi problem with our simplfication is that it any be too simple
a model to adequately represent some sett of response data. In that case the
researcher should consult Anderson (1973) or ue another approach such as that
provided by Bock (1970).

3.2 An iLtn eFreguncy Ratio Method to the P?(

In 1974 the author developed an analysis for a simpler model, the
a41M. This procedure is called the Frequency Ratio Method btcause certain
probabilities, analogous to (7), were esttimsated as objectIve probabilities
using observed frequenciev. We employ the san approach here since we believe
it to be oasier, and almost an accurate, as the estimation procedures mentioned
on page 5.

Consider now the four possible events which can occur if *.he tiame
perbon n responds to Items i and j with either response s or response r. We
have, since the responses are assumed independent, see (7),

(10) P[(ni,s(nj,s)I - _(9s- 0n js)
0(n, ) * ..)
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(11) PI(n,,s),(njr)I - an Ias 0 n(q

0O(n. I,) Onj,.

(12) P[(n.i,r),(n,j,s)j - O(n,ir) O J ) 'an
O(n,i,.) j, .)

(13) P[(n,ir),(n,jr)) a O(n,ir) * ( •
O(n,i,.) • O(n,j,.)

Using (3) we can express (1l)-(12) in parametric teras vith (14),
as (15) and (16).

(14) D(i,j,.) - O(n,i,.) • 0(nJ.)

(15) P[(n~i,s),(n,J,r)]- Ja ( ) )OjS) l(n)c(J)l 0(r)/D(i,J,.)

VV
(16) P{(n,i,r)2 (n,j~m)J - [()()Or[~)()Oa/ ,,)

It is interesting and comforting to ncte that for the BMM with
O(s-l) - 1 and G(r-4) - 0 expresions (15 and (16) agree identically with
equations (7) and (5) tn Moo~nan (1974).

The conditio,,al probaiiity that peran n responds to item I with
response a given that he used both response* 9 and r for the titems .andS is

(18) [n,i (n,,)(nr)(ni,r)(nJ ] - (15)+(16
Also)

( t8) P([(n 'i r)I( (n i ')/)(n ,,I r)}U ((n t rW (n 'J s))] " 1 )(16) '

Simplifying (17) and (13) using (3) we note that m(n) cancels
shoving that the P)H has the same and usual property of objectivity that the
Band other Rasch wodels enjoy. This means that for response data sets
that fit (7) the estimeted parameters of c(I) and O(r) are invariant estimates,
axcept for measurement error, indopendently of the populations from which the
persons are obta'ncd, and fcom which the items were selected.

We can rewrite (15) and (17) using (3) as

0(a) [CM) 0(r) pt
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and (16) and (18) as

& (20) tij C() . )(CO>

Note that (19) and (20) are independent of a(n) and their
denominators are identical. Using response data we can *stim tj the probs-
bilities represented by (19) and (20) vith observables. If we take the ratio
of (19) and (20) we jet the ctsidetrable simplification

ij (C(IO(s)-e(r)

3.3 From Probability to-Fre ncy

(22) f(i,s;jr) br the observed frequency vith which persons responded
to item I vith response a, and to item J with response r.
Similarly, w define f(i.r;j,s) and g(ij;r,o) - C(i,s;J,r) +
f(i~r;J,s)

Nov (19) asy be empirically satimated by

(23) f(t,s;J,r)/(i, ,;r~s).

Stailarly (20) is esjimated ,y

(24) f(i~r;i~s)/g(iJ :r,s)

end hence C) is simply ,'stimated by the frqnemncy ratio

(25) f(1.s;J~r)/f(i,r ;l.s)

3.4 Item and Response ParaLtor Estimation

Given the ri4ponso data th-) frequencies for all pairs ol item
and responses may be easily tabulated. From these data the f~equency relt i'

(26) R(IJ) - is;jj) for i>j 1.I
t(i~r:js)

(27) K(J. ) - f . for Jpi 1,1;sr-1,R

f(is;Jr)

and,

(28) R(iJi) % lank. 165



IIy be easily computed. We note that (26) estimats

(29) 1C ()J (), and (27) estimatesIL (3) ]3s-0r

(30) [c(J)] °Pr) 'e() Also let[ 4) or)-e~s)

(31) e(s)-f(r) -

We now may express the natural logarithm of (29) and (30) as

(32) A(s.r)lnc(i) - A(s,r)lnc(J) - 1nR(i.j),J>i, and

(33) -A(s,r)l1n.J) + AMs.r)lnc(i) - -InR(i,j),i)j.

Now if we add (32) and (33) over I for fixed J, after adding
and subtracting A(s,r)ln(J) we get

I
(34) -rlnE(-,J) - 4,- - r)1lnc4J)

We sow mdk) the final asstmption for our method. For definita-
neon of the c(i) scale. we assume that

I t
(35) Eln(t) - tn(i) 0.

Vrom (34) ye wiy iuw i it

(37) t(I) - -T I (,r)lnr(i).
I

Because h(s.r) is a function of O(r) and 0(a) we have difficulty
in esa'Ating c(i) explicitly from (37). Fortunately we foresaw this dif-
ficul .v and made assumption (I). Setting *-I and r'.R, then 0(s) 1 1, 0(r) 0 0
and A(ur) O() - 0(r) ,. 1-0 -. We now write (37) as

(38) foc(i) t(i) or

(39) C(M) - e

Let the c(i) as esttpated from response categories 4|,k), k#R be
tegignated ag c(k). then by (9) we write

(40) t(i) - (ktf i. k IR
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Fquation (40) enables us to estimate the response parameters
O(k) having first estimated the c(i) using data for response categories I
and IR. Sine tOis process any rexult in considerable estimation error we
Vill use an averaging process in practice. This will be %)monstrated in
our examples.

3.5 Person Porameter Estimation

Our analysis has shown the theoretical derivation of the
.tea parameters c(i) and, the response parameters O(r). We need next to con-
sider the estimation of m(n) for a person. To do this we introduce the con-
cept of a "score".

Let the vector of estimated responwe parameters be denoted by
0 and its transpose by 0', then

(41) e - (1,0(2),O(3), ... , 0)

and let Y be the "score vector" of integers y(k) indicating the
number of P-'e I itms responded to in the kth response category by the nth
person. Then

(42) Y- (y(l),y(Z)..... y(k)), vnere

(43) y(k) * I
k

If person a does not respond to all I items because of time or
other reasons, (43) viii not be; strictly true. This does not bother our
theory, but merely extends the computations.

We no define the "score" of a person to b-

(44) S(n) n nYO'.

This definition is congruent with the usual definition of scores
In the Binary Model where the score in the number of correct resonses. For
example. suppose 1 20 and person n got 12 item correct awJ 8 Item incor-
rect. Then

(451 S(n) - 1,) 1o ) -2

In binary scorel tests the number of possible scores Is 1 +1.
but for polychotomoun tests the number of possible scores, even vith (43),
can be very large. This number, S. is the total number of permutations of
each part of the possible partitions of I, among t categories.

For example suppose I-5 and .4, the the partitions of 5 that
are of interest when 1.4 are given below for the parts of (46). In this case

S - 4+12+12+4+12+12 516
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%000* 0104 2111 0023

0500 OQr6 1211 0203

0050 3110 1121 2210

0005* 3101 1112 2201

4100 U130 3200 7012

4010 1031 3020 0221

4001 0131 3002 0212

1400 1310 2300 0122

0410 13(I 0320 1202

0401 0311 0302 1022

1040 1103 2030 2102

0140 1013 0230 1220

0041 0113 0032 2120

1004 3011 2003 2021

* non-estiaoble

Figure 1. Possible score veito-s to: the polychotosous
situation vith 1,5, ,-A.
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5,0,0,0 2,1,1,1
(46) 4,1,0,0 3,2,0,0

3,1,1,0 2,2,,0

Permuting each part of each partition among R-4 categories we
get the list of S-56 possible score vectors shown in Figure 1. We assume
here ttwit (43) holds otherwise the list is considerably larger.

In order to estimate the a(n) associated with a given score
we find thu a(n) for which the sum of (7), for response 1, over the Items
which ep.ils the score, I.e.

(47) P(,i,l) s(A).

Equation (47) is solved for n(n), recalling (7) and (3), by
iterazicn such as by the Method of Nowton-Mhphon. Accordingly, for eac.
score vector of interest the associated m(n) ay be determined. *)tice also
that in this procedure no infrcestion regarding which items were responded
to in th m tanner indicated )y the score vector is utlized.

In order to estimate the ability, *(a). associated with the
score S1.) for our model we write

(48) [ (i)LO(r) - S(n)

as the function upon which the eattmation of a(n) is to be based. Our prin-
ciple of estimation is that a(n) is to be derived by setting S(n) equal to
its expectavion in the modul. This i accoml1ished by using (48).

Our problem Is to find that n(n) that maximizes (48). This
problem is efficiently solved by using the Nevton-Raphson method of finding
a root of an equation of the form f(x) - 0. To this end we revrle (48) as

(44) (A) ~ I E ... - S(n) 0(49i) t xc~i))

Um start by guessing at the root, the guess being x a a() - x,
S Is(),say. Suppose however, that the root is acttlly a +b. Ten
by Taylor's c lculus expaekon of f(x),

(50) f(x4'i - ((x,) + hf'(x ) +

Our reasoning tabes the following ),ines

I. The error of approximation to the real root is h.

2. The error i smll enough to permit us to ignore the tere
in the Taylor expansion in which "h" appears to a power greater than the first.

3. We my therefore write, since the actual root is (xl+h),
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IT (Si) 0 - f(x1 ) + hf'ixl) approximately.

The error is,

(52) h - -f(xlV-(xj) approximately.

The iterated use of this method gives the general formula for
the approximation to x as

(3) xk+ - x- f(xk)

This iterative procedure is esily programed for digital
computers once the derivative of f(x) has been made explicit. Nona and
Potterton heve done this at NP-lDC. This subroutine can be used to develop
a tabli or indlvidual values of m(n) associated wich scores S(O) given vectors
of valus for the c(i) and 0(r) for a particular measuring instrument.

3.6 Kreemnt between the todel and the Response Dats

We can nov assme that we have rexpose data for which the item
parameters t(i) and the remponse parmters 0(r) have been estiated. We
desire next to ust these estimates to test if the model, represented by (7),
agrees vith the observed response data. This test gs sOa-tims referred to
as a "Goodness of Pit Test". The hypothesis tested is that the itemn used
evoked responses from the persons in accordance with the PM. To make this
test we use Fisher's (1948) X2 goodness of fit tet. To this end consider

(54) F(t) - A matrix of the observed frequencies f(is;Jr) sad
f(I,r;j.-), defined by (22), and arranged in I rows
and I columns for fixed s and r.

For every pair of I ard j both (19) and (20) can be comput.d
vWth the parametric estimates c(i) and 0(r). When these are appropriately
mltiplied by S(iJ r,s) of (22) ziwy provide expected frequencies unier the
wtdel, with 4ohich XI(IJ) may be computed and tabulated to get a () for
-..h Item with I-R degrees of freedom. This test also serves as a basis for
selecting items to include or not On the anolysis. See W onan (1974. p. 13).

IV. APPLICATIONS

4.1 ApplIcations to Ability Testing

Heasurement of Abilities with the IM is common practice and
need not be elaborated upou here ci :ept to say that in thl type of testing
binary responar categoriqs are often too restrictive. It would be better,
for so" purposes. If the response categories could be extended. for
exhple in performance teating ths method used to fied an asmer may be a
important as the answer itself. In se'h a case four respotse categories may
be appropriate i-hich w diagram as follows:
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corrot t aname incorrect asawor

correct method r I r 2 or 3

incorrect method r 2 or 3 r - 4

WMther the upper right cell or the lower left cell corresponds
to r -2 or r - 3 may be data dopedent.

4.2 Applications to Attitude Kstimation

An attitude instrument is often designed to appraise a parson's
favorablenwss to -rd some institution, group or, concept. Otter tpes measure
interests and motivations. Oftm the response categories are poly-.hotomous
and constst of prescaled stateamta indicating detoee of ainifi.anco or a
status condition. These devices sees most naturally to be aaslyzed witL a PH4.

4.3 Applications to Survey and Questionsaires

If all or part of survey or auestionnaire instruments seeks to
measure a unidimmslonal proer:y of peroon. and the responses can be trans-
formed or converted to the same set for each qusti-:n than the FMH is applica-

Lie and the analysis gi en here is Appropriate. An example of thir In ; survey
nstruent designed to ases the qwality of houses for the purpose of establish-

ing a value for ale or foi insuraace. It seem better to establish the uniform
respnse cAtegories a priori rather than go through a re-coding process.

V. UXANFLE

5.1 A Slaulation !Mple

Vs have not y-t coqileted a computer progran that carries out the
entire 7M analysis. Vo expect to do this in the future. In the mantime vs
shoav our procedure by means of a very detailed example using simulated data.
We organiz, tho computations in five phasa, as foiiows:

Phase

I lista Tabulations
(55) Ci Latimtica

IV Goodness oi Fit
I 0(n) Istimetion

Each phase involves sever'l ateps.

5.1.1 The Situation

Although real data for the FMU are plentiful we chose
to simulate the set we use here because, in doing so, we would them know the
true values of the parameters we try to estiate. The advsutages of this
practice are obvious.
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Itur simulatioa involved generating R - 4 choice Tesponses
to each of 1 5 items reo 1000e perarameters ere

c() - .350 c(4) - .50
(56) W() - 2,00 C(S) - .286

€(}- 1.00

The rewponse paras-ters selected wers:

0(1) - I.0(0 0(3) - -.3162(57),9(2) - .3162 G(O) - . 000

The alpha parameers were obtainMd by adding lXI to a

fixed cor.stant for different personi- z In a random selection from a norml
distribution N(0.1) and the constant was regularly modified so as to simulate
persons with different levels of ability.

1'hus the Ricslation program could compute R-4 odds according
to (3) and hence K - 4 prtbbilities a-cording to (7). These probabilities
could then be accumulatedu AA a unIUr" .andom number was generated and compared
With the accumlak.rd respo ,te probati).itied. From this information a response
was denigrated. Thts work was repeated ; - times for the Game person an
8- 1000 times for ali personc in the santple. The rerponse data and other
information were punched on cards.

5.1.2 Data 1latio

Ausuming that the renponse: have be j recorded on optical
mark sense forms or have teen placed on Hollerith cards we generate the
frequenciee in tabular formT(I'5 N, shown in Figure 2. Notice the array ot
frequencies given in Figure 2 'J Ir doubly oymetrieAl. The array consists of
blocks of responses, 5(1,j) t, ;airs of items I and J. Within each block are
the frequencies of response, ttpe to each Uem pair. For ,xempPr, 63 persons
responded in the second categcry to the tirat l:eu and in the third category to
the third item, etc. The total pepularl~y of a response category is indicated
in blocks B(Ii). For example, th, third category of the first Item is
telatvel7 unpopular.

rr
The matrix T(jj) is not required to be printed but its

-onstructiun is rtquired for nuhtscque.L phasee of our analysis. The construc-
tion of this table concludes he nato rm-ulation Phase.

S.1 3 cL Patimth,

from Corresponding to (22' for a - 1 And r - 4 we construct (54),

PFj), froi, I(I). This !n ;,sfly done and produces

1 2 3 4 5

I - R3 126 163 179

(5)V( 4  49 - 96 135 117
3 41 44 - 94 84

4 16 27 Al - 55

5 14 72 26 35 -
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kI According to (26) ve next find the frequency ratios in R(iJ)

1 2 3 4 ]
1 1.694 3.073 9.056 12.786
2 .590 - 2.182 5.000 5.318

(59) R(1,) 3 .325 .458 - 2.186 3.231

4 110 .200 .457 - 1.571

5 028 .188 .310 .636 -

The *k w-syvmtrilc matrix reaultinlg from taking logarithms

of R(i.j) by (32) and (33) is

1 2 3 4 5.
1 - .527 1.124 2.203 2.548

(60) R(ij) - 2 -.527 - .780 1.609 1.671

3 1.124 -.780 - .782 1.173

4 -2.203 -1.609 -.782 - .492

5 -2.548 -.1.671 -1.173 -.492 -

Then according to (34). (37) and (39)

-T(i): 6.402 3.533 .051 -4.142 -5.844

t(i): 1.280 .107 .010 -.828 -1.169(61)
i(i): 3.598 2.027 .990 .437 .311

Ite Parameters: 3.500 2.000 1.000 .500 .286

Notice that the item parameters and thair estimates are in

good agreetnent. Thiu conclude* the ;econa phase of c(i) estimation.

5.1.4 O(r) atimation

Our purpose now ta to estimate the O(r) fr (40). To do
this v* use the procedures of section 5.1.3 to estfite the t(r) k - 1.4. This
work has 1e)n completed and is aumarilsd below:
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kI
Sumary of the t( k ) calculations for k - 2,3 and r - 4

I k-2 k-3 a b

1 .342 -.330 .2672 -.2578

2 .232 -.113 .3281 -.1598(62) p
3 .073 .014 7.3000 1.4000

4 -.284 .103 .3430 -.1244

5 -.362 .324 .3097 -.2772

According to (40) we estimate 0(2) and 0(3) by dividing
column 2 and 3 entries above by the t(i) values O)taned at the end of se9ton
5.1.3. This division Sives '.olumns a and b above. According to our simlation
columns a and b above show, embarrassingly, considerable variance from these
values. Column averages, omitting i - 3 estimates give 6(2) - .3120 and
6(3) --0.2048. Using these values the estimates of tho response parameters are:

(3 () - 1.000 0(3) - -.205
((2) - .312 0(4) - .000

Where agreement with (5/), the parameters. is nothl~r8 to
write home about eien considertag their questionable estiwation procedure. This

concludes the O(r) esttmation phase.

5.1.5 Goodness of Fit Test

Our purpose is to use (19) ad our estimates of c(i) and
G(r) to compute the expected frequencies corresponding to (51). First, however,we o6.tsin G( 1 4 ) a

ij

£ 1 2 3 4 5

I - 132 167 181 193

2 132 - 140 162 139

(64) (G(1) 3 167 140 - 137 110

4 181 162 137 - 90

5 193 39  110 90 -

For i>J use (20) for the lmer segment of (65) and for Jvi use (19) for the
upper segment of (65).



412 4 5.
1 .63% .7842 .8917 .9204

( _( 2 .3604 - .6719 .8226 .8670
(65) P()" 3 .2158 .3281 - .6938 .7610

4 .1083 .1774 .3062 - .5842

5 .0796 .1330 .390 .4158 -

M ultiplying (65) elemient-wiue by (64) we get a amtrix of expected frequencies
E(14) as

2 3 _ _5

- 84.43 130.96 161.40 177.64

47.57 - 94.07 133.26 120.51
(6 3 36.04 45.93 - 95.05 83.71

4 19.60 28.74 41.95 - 52.58

5 15.36 18.49 26.29 37.42 -

e calculate x2 (i,j) using (58) and (66) with (67)

(67) x2 (ij) * jF(ij) - E(iJ)12E(I.J).

This gives

1 _ 2 3 4 5

1 - .0242 .1879 .0157 .0104

2 .0430 - .0396 .0227 .1022
(68) 3 .6826 .0811 - .0116 .0010

4 .1306 .1053 .0263 - .1114

5 .0255 .6663 .0032 .1565 -

We next add the previous table symmtrically to give (69) and then add across
the cols of (69) to give X2 (i).

1 1 2 3 4 5 X2 (i)

1 - .0672 .3705 .163 .0359 1.1199
2 .0672 - .1207 .1280 .7685 1.0844

(69) 3 .8705 .1207 - .0379 .0042 1.0333

4 .1463 .1280 .0379 - .2679 .5801

5 .0359 .7685 .0042 .2679 - 1.0765
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The row totals ire X'(t) withl I-R degrees of freotdom and

measure the fit of each Item to the model (7). The critical point for
d.f. - 5-4 - 1 and a - .05 Is 3.841. None of the x2 (i) even approach this
value, as *xpcted, slue* the data were generated from the model's equation, (7).
This concludes the goodness of fit phase.

5.1.6 n) Eatimation

1 tSee Section 3.5. This concludes the analysis for this
exampe.

5.2 A Questionnaire !xampe

Following we provide a description of an interesting and useful
situation to which the PIN and its analysis could be applied, but cannot be
because the response data are hopelessly unobtainable from the NPRWI Magnetic
Tape Library.

H. X)cDowell (1972) developed a seIes of questionnaires for each
of several Naval ratings. The items of these forms were atatemwts of tasks
which must be performed by Naval Personnel on active duty who were employed in
the rating. There were four responses for each task which indicated how
independently, if at all, each task was perforued by the Naval person. The
responses to such task-item wera.

a. I supervise the performance of this task.

h. I perform this task.

c. I assist In the performance of this task.

4. This task is not performed An my duties.

;t seems to this author that the variable which these questionnaires
cculd be thought to masure is "task-performance competency." For data which
fit the model a measure of this variable could be constructed and applied to
Naval personel who are actively, or not, engaged in the measured rating. These
mQsres would obviously be useful for advancement, assignment and re-aseigrment
decisions.

Although the survey data were useful and informative for othe:-
purposes, they cotld have been of even grtater benefit to the fHaval trsonnel
System.

Vi. SUMMARY

We have accomplished what wes intcnded as stated in the ittro4uction.
Specifically, we defined the responses, relevant paramters and masarement
situation related to a model called the Polycbotomous Measurement Model. both
the theoretical and numerical aslyses of the model were carried out in detail.
Background material to. and applicitions of the model were provided.
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I NTRODUCT I ON

To develop a force structure or even a small organizational structure
there Is ordinarily a need to align duties by grade. This is a simple
matter of distinguishing responsibil'tv and providing the best gradation
of skill and expected performance. As the Department of Army faces
changing personnel requirements i- organizational design for particular
missions and units and for comprehensive restructuring such as the Enlisted
Personnel Management System (EPMS) changes, there must be available a
reliable and valid methodology to determine objective standards of grade
authorizat ion.

Since the pay grade allocation for enlisted jobs (E-1 through E-9)
generally carries increasing levels of responsibility and opportunity, the
job requirement factors require accurate estimation and scaling to develop
pertinent grade standards. Job factors such an Knowlodge and Combat
Exposure are rated to identify the level of the factor needed to expect a
job will have sufficient skill and authority invested to get the desired
productivity.

The DA personnel analysts and various WS job proponents and major
commanders have to have a methodology which can dependably identify grade
standards and which will relate to the total enlisted job structure. This
methodology has to compute grade optimally, but occasionally even must work
when grade is constrained to accomodate curtailed grade allocation to
satisfy grade ceilings.

IThe views expressed in this paper are those of the author and do not
necessarily reflect the views of the Army Research Institute, the
Military Personnel Center. or the Department of the Army.
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